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11 r-r^y- 



»(•* j& £***" 



i_->^L-L)j uL^aSI JU- cjI^jjL* ^ _-of Ijl»- i_aJ\ ^ ( JLp i_...» .a" V 3jJj 
*5Jl 5j Jaj Lx_uJ <Lo-»JU i_jbSJl IJL* ^> jj t*i>Jl /^ij^ i— ^j ^ e -^*J V J^Ui j 
ls^ T- y^-5 iLg-J| c -f ii l ^1 *_»*_Jlj Lfi cj^ ^i\ olj^Jaillj 4~Jl«Jl L*jjI5"j 
_/>-Ij tf Ip (JLiJ jL* ^ i«j>tii! « i.* » ,,^" i-*Ld< 4_pL>ji>-l j 4 j ..,,T>tJ^ LmsjLu 
_^»L_ll lS ^»jj t*-*ol <;^J U$jjIJI ,-Jl J-i^-l 2Jb- _-1p jS'jj t^U- (i-li 

3_lS" c— -J 3jjvi»Jl oUJlSJl jl UoLL» <.\~*'y c—Lb jl« c<La_b 4jLJL>- 3-<J 
uJusjj ki— >■ ^^aLoI o->liL_Jl ^ i j&- . , g Jg- j»_fpL«^-l jwli «-(j-i (JLp j 4Jt«j>o 

c^j^J! J-6^-1 s- 5 **- kii^» j_j^ UJ.I c~~^ j* i}j>h L* -^U* jl j-Lj V Ajf jjP 
t^fcJ-l f- L-il i_j&-L. C5-2J- 4 1-^-* Jl jr*^ -Uj^^ 'L-» Uli olj^Vl _/~J J-<- 
jjSOl _i 4_*ljl s- L>_jVl JS" jU-J^I i_i^ lil .ojl iJLl juJLliJl ^j-^J-l 

f- L>jl *~<_>«j AjIjJiil aJb: j i_ij_*> toysilj—» /*— "^ («Jl ,rr-*l j^l \°^r iiji\j 

Ajl^u. Jli AjV 4Jil tt_An-sia.il ^ *jLc-j sl*Ju jJ-j *-»_Ll lJl* ji ^j . 4,l,.a,7.,.-a 

. Ljlsl riil f UL_jjI l,.»,,^; AJsjA 

OjjJii I-Vj (^JUl ij^-J-l t_-»-UJJ llfJ-f- _r^"J^ J^l ^ ^ij^ '-V' ^r^*" _r°^-* 
jl 4jji i__*iil IJLa ^p «Lpj jjjl ^"AjV t5^ j£ J^ j**' -^ .^1-sJl _/ <;Lp 



3-oJlU-. 12 

i J& i \s. lilp o\5 lij tajtJaJI sjjfc l$_u ^JlSIs ^jJI c^Ul^Jl LaJl^iJ ^1 sJ^Lill 
j »>Jl (»1—^-1 25"^/>- a-^-lj 2j.il** ^ i_ii>«j ji «.k'---: ^3j_- tcLjLJl LL>J 

tL^j lipj j^-^i cl^ol* liilj SJSOl ^iyiil ^^-Jaj i OJj t^^MJl J lili 
Jjl LijJl sLJ-l jl -oj^olj *I*Jl jl—*" icr) 4-iLis^ /r^ji 'i^yU' lY ^ j^- '^^J 
Oj~» 4^-3-1 iL> jl -j» t*Jjijl «L^S I Ji y J^ajl 5 ^j^ojy-l ,Jjt>tj L« IJjfc . •vjJj'^l 
fLi i£ y V^-" *ij*il j o J y*-i, t-,c^ 'V aJI ,v»j ' /tvaJl 3-«Ji>l-Ri* J^li-i /p-JaJ 
Jl^Jo- lilj t^iyu" j V 3JLLS Jlill l-L* (jij 4« : ,Wll tjLv2i>-L) .<_£jOuJl ^y^r^ 
jl4j ^^ Ij-^li jrN! (^ lSj^ J-**" 0^» cjikil l _ 5 *i*Jl ,« g a^ f- jj^t- jo»j jl 
"^ 4jJali jil ^LojJ-l «jl -Jl" . gali SLli -jSnj i ^tJaJl j V ^Jj t4o^U 3-L* 

jl ^ju L. c"<di*: ^5o:. (I UJI ji y> JiJl Js- \^}3cJ\ s L*Sfl J^i" Oli tjviJLjf 

P lUr.nl J ^i>- .o jUuJl iJlft i kiJlSv-io i4_> Jl IjLj i__?-Uia tr- jy jjbti jl jjp 
tlJLJb^ .aJlJL-j:. ^_dl -^ \yS^^s_ -I c jjSJl i 2j_*I^JI p U^jVl Siyo ./>W 
JbJi^- l Js- ^JjJi cJi c U ^^^ oi> SiUs ^Li ^ y; JS\ Ja?-*^! j 15" UiS" 

t jjj^SJVI f~J>y {f* Cj\j*y*J> ls- Jj-^J-I i JUbUj- UJ5"j 4tL>Jji-l iJLft ^y'j 
<Jlp C~siUCU-l i^y- Ltf^ iLaJ jlijl UJ5"j i<^^>- ^$s ^j- 2 Jl^^i J^ 
|JL» ^ t -iLS]l T^jllJ ^jLsii>-VI jLLjJ^i ^JLp- -^i ^yr' I -i-* ,T-J .IjiJsj-» M y* 

ft-^i ry L^sLu (_gj£^> j>t*j ^j-"^ ^J • f Lp *^« cjLo^~-^-I -fp <o iS L vp v - 1 '_ 1-* , - a i 
J^rjjlil^r^L» J5" jV t^'L^ L? uj:.yJl ^yo ji JisS.t^ V .^j-iiljIbJl 

.(Steve J. Bissel) VL«^-I «u^^ 

Jl (?<-v3j (j- jjj^>J^I Jj^ v-r~i l** - j^. i^ Jl~" ^JJ^J^J ^ — ^j' J) J^i 
.*-g-« jjp Jlj~Jl jl 7w>jJ 2jjbi ^ 4jLt>- j/» lS aJ L» j»Jix^ ls^ 2 ^' j_^. j[_j ' ^r»-' 
j_U . iJLijj»! 3Jb j_^o jl j Jju V Ai«y. j-»Vl j 1 j j^J^I Jj^- "^-r-o" fr^j-i V 



13 



»j>-jdl ^jjjj 



Edward) ">-V^ o^ 1 Oy ^-^ ^ 'LAty diL" ^ Jb-I j aLL^." <Gl tlili 

.(Tryon 

^"J 'gr*-^ y~ <J*- ^ ^-^ *-si1j-« ^j t^>J! ijJl ^ ^iLtjfc Oil i) La 
ji L»] aLU- oIj^msJ c^-J cL-UJ) Lv j.^j ^1 ^L,LU! j| uL. ^ W^ 
J-&. o"^ W** *-S-~i ^L^ ^*>IpLJ Jj ^A^bliu-l, jt-s^^^j JjLL. t^pj-isj.. 4 

t">U>l «u^ t ^jJ a-Sl" iyf ^-J £• jJjjU 4j J^i (^jj| 3_,^1 Ijl^ jl jj. 
l^ »I$i t'di^'Mc. (.^i U oLf^L ^ L 5i^laj yjj Ji^-^l jj->-»- ji 
IaAI I Ia ^ -uaJrl .SOjJlp a^pLj^Ij *JL~Jl oL-lj^ jl*j juf JL* L^p oyL-l 
Up J«2>«J L* 01 Ui>. .oJjOs^ c^i Jj >_^>«i ^liil ^pjj V ^LJJi 01 j* 
s^^r o-Li ji" y> vJy^kJl $LjJ ail^ V <u-LS Uj^-I L. Jj^ J&& ^LUl ^ 
-Mi ^P 1^' 0^-5 <cS>-^ *Lii ^ AiLti^l j^j:. L. -^ j ^ i__,tJl jl^> ^ j_3 ^ 
."LjJl ^iuL, 0! lsS Li^. ^LS g; V t ^. ^1 oL*y*l! ^ JSLt, 

O* J 'L5>-l Oji^. Vj t Lii O^iyu _^iJl 0l ^^1 j*S^I ^ ^bio I Ia 
*L>L La^ 01 ^ v_JI Ij^. 0| .^ JS* L»^*J f Lil L»^ y UI ^sJ~) SJ-\ 
t( ^l l^JlS^ JJ ^Ul ^ . J^Ll ^ ^LJi oi j] LT ^>L LLpr Jl. 
01^*1 ^ ^^> ji UJI ^ OlSOlj t "^ J50 ^ r 2jjj ^^ ^ JSO" 

^J^V 01 015^.1 J ^ikL. ^LJ V il SS.SU;. cu-J La aJL>.^VI 0! j>p 

usOi ^i ^ jiji j>^ ji ji oV c -^jijf^ o~J Lgj\ ur « ft(/ A jrygi 

J^L Y l-iAl llfc 01 .L^j t«-~j" V L«— iJ ji UJI ajlJs Oi ^j^:. tMi>J *Jb*i^l L^J! 
|I 1*11 01 Jji Jj tjl U ^ J* ^jM Oj^ J_po _^j Jj> lyiU oi j^Jl 01 

• <u -€- 9 1^- (^ j-^ ^ j- 11 <Sy<± y>^> ^ S^- -^ 



tj J^ J-! i^^rfr^ 1 jJlijdl a)L>- ^i Jaii ^^J C/C-Uil f UaJl Oy'l jlZ I JivJfc 
Cjlyf <i AjjL^JI f'yrVl A$"y>-_j t JUiJIj <_- , y^' ^JJ-^J tAJT.yLl cALa^-j 
3ij*ll ji ,U V I I-*j Ouj cdJ-i 7^° y* oLiJLJl JS" C_>wjI sL>j . A,..AaII j jSJl 

e c * * 

SJjJIj k_-*L ^y» 2-<J 01 t t jc-ijji Jjkpl LLli'^j ci-JUail ajI$J ^i 0>^l -U) .UJI j 
.(Stephen Hawking) o*- 1 «ty V v^-~- a. ^y j* a-J 0^ 

^iJI o>ljJi *_j ».,<?! j tAj niJl -L*lj-iJl jj.,^5' o yUw c_jL-^V ,<•■*' <-^i i*-^' * 
i-jL^V l^ (JLjJI .<*jljjfclj aJLpj f L«l jL»o^l aL>- aJUJ ^>- oyljw L. fcSLjbJLSl 

_lp Lijy) Uj LiC.yJ SujtjJaJl fyk^' C^U» ^Jl 1 »Ull .U-~iJ 5<....Ja.Il ^ iul5" 

L^j »5" /-P Uj y>- <L>j>-LJIj toljoilil Ja-si> ) 3i-Ulj «Lpo^sjil tAJL*o^l ^ «JLxJl 

tL*frljl sUJ^ill \aJS*Sj \a&\s- i_iSly« Vj L&>-^ «y>- »->lji V -^1 j>r p-» \*\*£ 

|J~4 jJaj- r_»5\^ |JL* .CjLiL-jpAj aJj-uI L^J JaJ jjya Lg-*-» J-aiJ • tab>t3 L&JJLaJ 

.AJLSoJl fyUJl) ^j^— o L« l3L* JLkj i iA-j^JI ^j r- jJjjL* 

^aVl -UJI y L^yj^Sf! j( AJU^Jl" J*^ Jl £ilai V A^y*! ij^ jl JU 
j-jjJI i l*U <_£jUJl l:«g< li« ;a~Jl»JI AJytLl 01 Li^o L <2Lo1p o>La^>J 
Jju>»j V <Gj ".AJjllsj AS.il» tS->jlpj aJ^Up 0_^sJ 01 (j^-C iaJ ^^i-JiJ <^iJl 
AwoIp Ojyil O-b ^Jl oL^a^dl j»^J Jj ^Aj^Ip jiTl A^olf- Ji V' oL/2-a^Jl 

.^lSU-Vl jI^-msI <_/ jlj-^-Vt ^y* -^>«-U SUJi* jl./?S-L aJI .L«_*>y Lf a^>1p Jil 

Jb-V J*- A«J JL»j i j t^jJrlj ii*^i?^lj OvM-' r 'y •^'- L * -^ / ''-*-* (3^J 
.A^yi IJl* OJy^ -ia L*^ Oji a^>- 0L jl IJL>-lj L^r j a1U>Jl! 01 /t-^ji *J' 1/ 

L»l^v5 jLl^-V ^U^ -A—i.T JU^Ij i>_oy>iJl j ilas-'SUl Ai«-« t*LJi i IJlA O-i-s^J 

aJ^U-i jl aUjjJI^-» JjL-j:. j^Jy ji^ ^Vl aJp 0_^j 01 L5 -«^ L<^ ^L*l5o-|j 

UpjU<a^ ^iiJ L^JI^^iii v_jd^^.AUJi>Lo->-jjJl ApyJl j' j C"- ^A^ii ji a^-L^i «i 

. UjUfiJl ^Lp l^j- c-^t; V '-i* L^jJ (J,l L*fL«j O'j Jjull IJL* Jb ^^Lp 

ijLj& j.U:r'l CjLs^-jIjw'Ij A.j,a....j Li <_jbSJ! 1 'su'y» \ gjy Av?U>- 4jLp A-oJ 

iA^Jaljj 0>V^U-» ,j A1P ji^J' 0j» : »T... - ; V L» J y» ^ l>- j>- O tJj>u sLJlP 
AZuJjJ LL*L"I ISU^J^-I 5jjw5 Ai^Iaj A1P jju oi ^byjjl aJjU ^ jjJ^yj ^j V 
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ji jvP .j-i^iiJl (JajJI jl k^\jj\ aSLsVL. JlLto-l <_$t jjj ((jl^w ) jSlJuil 
aJJL I g ft g aj 1 aJLoju 1 g n gi 0|j ajV 4~Jb«Jl Jsjyill ^juu l Js- ^Jo Jju /^ i5L* 
iJLfcj t(Jl^Lo) JiJl Lg5jJu V apj^ l'LJ c-IiiJ 01 jJ US" t (r jvjjU) 

Jayi\ ^j AjUtyj aIsL^JIS' tSJLlaU-iVI jobudJ UiU- I^L^I /»■*..! ^ Ukit 

jl ^^jw i^ij of" j» a Wt.-j V 4j! *53l ISJ15L. jIjj _L>-i (jjj UJ t(^^=-ijj?) 

9 yd\ IJjo jli iJU-l AjLjJajj -(j_^.) "k>c~»w ,j^J ^ 'ij t^L»-^- Aj^IiJl jj5o 

^Jl A-JaJl A>t~JJ ^j*^j* c^oJjtll JaLt-J! tlyl ^ > g . »\ ^,t?"ll CJ L>yJl j^-l ,j 



J-Ss-io Aoj^La ojL,,^ j >«-A lo ju aJI . jJ, J^J -Ljjsj^ J- -^ i< ■■■"-j j 3 *-' «-«J.» iJL* 

i_kial i*jLj AjUp ijL* .1 ^P-LoJ^>-l — iT^ J l^? ¥$?*_¥* — J^ s i~ u <-r J J^-"^ r*-50' <j JiJ 
*-ij tsUUllj i Vlj JL-J-lj *3^^JI ^lL£.<Xjj& jl_^»Vlj L>U»«-Jlj A^j^Vlj 
.Sy.L&lj £kcJi\) ^Ulj d-JUsJf Jj^c.j c.VjJlj u *y*-y ] 'j **LUj V.^ 1 
JJ-l"j c"J.,^atl a_J^Jl" *~»LL. ,i L^j «• jpjj V "a-j^Ji" ^bST jl j*\J\ 
Lu-Lo ^ tjLxJl frLJjJl i Lg^-jpjj L iv.^>j "ajIItU ajLJLU"j t" JlgJl 

iLJ-lj aaIjJIj A-Pj->jil ^ Lg_i jj-^ti ej-L» ,»-g-iLj 
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t^jo.j.all Cjli^bJJ «ji^j ^>-j^ 3JUL>- olx>-l Olj jii» IsLiJ *Jji!I 01 i_JuS" j^-J 
&Lt"„«l LjJI s jIiS'Jjc> 4 L. uLl Ijl* .IjLuL) &LJI IkLiJ *i«^j Lil IJL» J^Olj 

i 



.www.amazon.com ^J ^. y^~\ i—iii' ,i oj_j-i^-. <_jISJJ oUjtIjj j^ o"^" C-fi^» ' 
LS 1* Uncertainty .-jU&I 01y*J *^r> i^' ^y^ J' J! ^^ j' (C-iJJl l-i* f^>- ,i ^'jA! Vj 
ji^Ul jl : L^JLJj t ( yJl oljjl ^jU J>-Jj V OyyJl oljli <k^J :L^Jj5 :cjIjLipI oJjJ jiJtsUl 

JmJl jl ^Js- "5Lb o^JI IJL* 'jjjic-l 'f»-* J J y^ 4j»_kJl ^ ^J-yjl y* JJ~^ C/- ^—>*~>\ j' IjJjipI jjjf 

sJ-p i- _j_-j I A»- Skepticism oLJjVI i^jJL; -W' y ixil '-i* jl ^ U <!' ~-£ ^J* OVI .iSjj 4~~ii 

-a)L>*j A^- Jl jl Ljajl ,^j Ju V .OJyl t^-Ul p^JI ^Ia *^_jllSJl jl y^- 5_^»;.y j^oj tl-^-P ll^ip I j±jv 



17 J^lljc-ii- 



t^jlt^JiJ 



?>^>- Ji 1927 f Ip «jjJb ,i AiL* t^jiJl ^ /»lkJl 1?L^V iJjbi jJ*Jl JIS" lil 
^r^Ji^ y> J^ cfbJl dUi ^-jU ^ ..b- i jL~>- ^ j5C' ^ jija> JaJ> ; 

jj^sijJlj i^UU jjL>o i tbjJ i Lp jlT i^JJl c[Werner Heisenberg] 

* * * , * 

jJLaJL Li^*J_»j LpjIjj Lk-~H LlJLc- W-A^"l caJ>Lp Sj^-ij .J 2 *- ^!j '»/^ j^ 

C~=»lJI ^ JLS" JLaJ .4j /»\S L» 4Jyt* (*^Ji ^ 4-~jL) r-jyijjt* z*-" J .j /p^J (I . <U~jL) 

J^_J olil ^US" a-L^I— j jlS" cjU'-V* («Ja*^ ^ .sLjw ^ joJ 4_^Lj» 4^15"^ 

li^>L?-l olL^j -Uaajj c,jy«_>j^ ^j c[inexactness] "43-^ ^-u> J,l L^^-y 
V -Wj*-^ c-^- 4jl ^ . [indeterminancy] *j_.sJb^Ui *~J£ *js*^»\ cLLiL> 
aiL>\ ^ Fj^ji^ "J^ 1 '[Niels Bohr] jy. _)Lj ^j~^\ ^s~-*j <oLl-I ^ pUJ 

U5" SJb.br 1927 f U- j50 i \i)\ j) JU-I .4_-L^ ji^Vl j^\ I jU ^ i 

c_Jjb>l]l ^■J7.„.J .4j aLaJI i bjl ^P ^>-jJj Ia :>Jj£ *~jj>\ (.<jJ^}\ j 4jj^Jl ^ju 
.o -oJ^«v« t^jCj t L k>-^* J CjL-UjJ ■ " '' 'k'» » ../»-»-" L»—* c2ij tO 1 l^aui) j' r<*l~»\j 
. j>-\ <_£ ai~~o j_l,l j . l a. vjj <*-$->5-* t * *^A_=*— i £jA i_£ji^~» j^l cLoJjiJl *^~j>u (jy>-j 

Jlu .o^^i /p^, IjJ^p t«j.i fJbJ^ iJb wLi! .IaLjwj <rijJl oJb* ^*^ > j^ ciLcou 
Ap aW;ll JV-Ll^V* (j^aJ j>P j^LJl JJ^J i CfJ^J J^ ' JcU^ - J u"^-i? f.£ 



i-j^Jl Ll* 18 

U cIjJj^j t( J, 'V C(««-Ul i l*il ji .^jUaIIj ^j^jJL <__j^JIj J_4*Jl J_Li^ j 

iJuifNj ji L-iUait 3jL$J ji JLJl ( Js> JyCJ t j^0j c^LiU-l J^Ltj iJJw ktJaJl 
jl J~sii*_jj 'ijylj* uy'j^J '<Jj'-'* > " lV^"' .j.;-~U aJjUJIj *UaJl jp *_jLUI 
Jj'Uj ^yJaJ lJj-- t^Lsi oi>- L» Ji. iJWl Ji>!jL 01 .cALl^-l iJL» jjXJ : 

^l^j t L. J^^LoIp^-j iOlS'lilj .ji^Jjli JLi-l jilJj tOyy j' O^SJ 

-Ul 5j5 C - sJa A l -Va5 .4^11 I^L»>o jt j^^i*^! jjJJLC. jjXj l-Jj^* 4jL ij„La.r.<j 

cJlS' lilj . cJyJ j V 3JLL5 ijtJaJl cJlS" Jl«J .LLioJj *^_-^-i' JS\ 4-~iJ cijJl 

.aJ <-iyu t5 JJl f jJl ijjtj jl »i>«^i c<_iyJ jV 3JL15 

f jl*Jl jp c-a: : il jJl cSjJlJjLJI V}^l eJL» c^ws' '7^ *-*Ul jyiJl ,i 
ljj~aj" t^^aJl tUip JL^I Jjl ^^j c[^L^Vl *!*■] L>-jJj-Jl t LJp t[,_/>jVt 
(JJI ^yo" ^ U^il .: ;,; JL5J .^.j^ 1 *z^ i?M\ JliL» Jl ^^LJl JT c^UaJ 

S~r- t^V ^J L$£j>J6 ^J^J^H ( ^^ (^11 ^1 -^" e-^i Ji -5_?*i y-^-Jl Oli 
J*Jj .Ujy> j>^ ^gip (t-fljip j-i^j ji ^ f J' ^ v .-^ 2 - ^ uy^y jj5^ Ji .y^T 

I».» jj& IjjLIosJ Jaii 4 » ,,, 1 a. l l j)j\js (jijJJ ,< g" '"j ^y ji J^jLt^o < *j-^ «-L«i*J! 

JJZ ji o_b- lilj .«JbJl sijfc ^jip J-«jJJ S-.j'^Jl ij>L-jL|j 4jJUtiJl SjJiiSl 



19 o-Jjil (CJUB 

^j-Jj tS^il i£yL~j> ^Js- ^j f. (^^viJl Ji*Jl OSli t jilail ^^Jl {.-fiJl ^J^A* 

IjV ( _ r a>uiiJ ^Jefj^j 1 ^L^-Vl jj-» f J^r <j t JLtotJl A^lJl ^i IajcJ? _ |Jl*Jl r- jv» ^i 

.jjb-b j>J ( lp U* I Iju 

L^.. . oi. ' AjtjJaJI ,JjLi>- (J jtp Jj tSj^.Wll tjy! »5 jLo^ ^ r- jo jjl* <job»»j 1 

l^Jji *JjiJI jUil j^L> 5-riy^ (^ 'j 1 -'-** (3^* *^ • j^*~L> ^^-jj j *-rf »*• oli «Jtv» (Jlp 

<WsjyJ *_Jal~J (_£JJl 5ij*il f- jJ ( Js- jy*J <—»-£ Cf Lw-SL; ZijK* l \& LswnJ ouS' 
x^3y» t_ tju ^JilS t4j ^ip (_£ JJI 10L0-.» ■- •* -! (Jlii». (jl*~! Lo^**) ; ^JjtSI Jj^s-VilJ 

j>-\ t.^i> <j\ . ii.il 4>^Jl cJlS" cj-iii ^Uas-^l cJLS' Ul£j . *J» jil j ap^uJI 

4Pjv- ij-^^Sj jl «_U- ..7 ,Aju\Jm — _ ^" C-OO C->L>1>j c«L;l J«jl « 4jjj£jl j 5jU«J1 
. Lst* ji^t. g U J2»*j jl * M~,~.\ V dJJl jiP C4**<?j> L r^ Aj <-^ j»;raV...i Ji «I c.»—— >^M 

tjl .5p^JI iiyc* ^1p ojJJ lil oj Ji- tx->_jil 43 yc* Ji <5j jtSi cifT UJ5" : jl 
. ii>- , }U.I t^^-iJl joo Aii?-*>lil l*s :Ls--j-i5 «« a^L^» Isi jjjo 

J&\ SjlvaJl ilau^Jl sLi^l CU~~J J^LLLl jl 4jLgJl ^i IJb ij*\ ja jSsj Ug<j 
K' ^L.Lij Ijjwi 4j| «jU*j (^iJl j.^ia.11 i UU ^L^*>l>Jl jj.xal.ll («JL~j . Lui j^sl 
lgW;ljj »xji jjAiLU 4Jbj t^L*Luu V ^-Jj -ijJi>tdL! sJYI «Jl» ^ 2-L«UJl ^Ij^- ^1 
Ia* Iju jlI! .«■ L -A J>J aJjj» ^<Jj t4jtvi>j-« tj-i AS^i . W...<?li 4jf « JLp <l^-JI 
Jopij jl Vjl lIUp ,jy«i! t jjSOl ^ ^ J^U ^ .^>-\j jT^i ijyfcj^j lL»L-I 
Lc. ajI jjJl • tSjikS 2jJaS tAjlij^L» -f* j«5>L» LS" J_*L« lp t-ij*Jl *_Jo«_-j ^ jl 
^j>- ''a£j*a jjJ L» JS" »xji »^k^J V dJjJ Jji 015" r- jvJjL* j' j-^j .^ (*j4> 



:ujl Ijl- 20 

LSI ,i~J ^r^-y ^^v *^r tS*^' 'r^ J^ ' ^Li^Si jyUn i_j-*j ^ia jajJI 0o 

tljj-iJl ILP y L*. 0L£" L*-^JJ ,,*50l LSCjlSLc. i-J^u 0->^wai Aj^ olji^^-l 
~Lxj tLajJ ,>?U ,_Jj aJWtj t*ilj ^I* ^Jj «-L«-^J ir jy Jj\a iOLS' CiJL^dJl JjL^j 

liL^i ajjiilj 4~kJl (J*^ ^J^J i<^ d^r 1 ^ 'J>! j^ ^ Ji* • ^^ Lfr*-f* (t-^-j 
5^^ iJL» 01 iJuijS'l Jii . j<r JLait ^ -b-U-l i^La^l <J[ i^U-l yt^l^l t.k>wJU 
7-L>«jJl /jp c.LJll*»'^ o oJjJji-l ,*SJI fb i-j i g' i Ov-"-" ti— -Locl 1 g; xJ toiw^ 

.iJs^U- f-^>_y A^> c^J-!l t^JUaJl -_UJl jiy^ J-r" ,U^ 
-U-l j 15" .Oj^p ja {j?~j£-\ ^jjli Ji [Albert Einstein] Ov-^ OjJToLS" 

i*I*-il ,_jl*il j_jJj /»jJL tjv^^jl ^^" 'i (S^ 1 , U-*ta Oj-«jij U-" jiutfVI fLoJjJl 

o*-U?f 1 1905 t,»JajJl olp ^ .£jj> t 4j^j ^ t^Vl y> 015" .^~Jrl J^ 
IxJuj 1 L«Jl 0j^ 0_^iJL>til jj^is>~^l\ \4jJ^a »p: tj'^y '^hj^. <Sj^ u^^ 

4*~vwJl 01 ri~>wya . <Aj!_jL*r| r»-"P J ^JtJto (kjb Ss-L^l IJjfc jy^pl ljuJLj! 01 j^- 



21 _*J^I (cJtf 

^^Lp J*Ip Uy^J d>1^Sfl ^%' Jj^dl J-bLl Ijla ^ jLi\ <U$Jl Jt 
lIU?- , gali JjJJw J^-ij *AjLsj l-L-L* 4jjJb*j «.LjJ-jjJl «.LJp , k»* Lk *~ij\ IjlI 

4^-^Ja t^-JJl J— Jl A^waj Ja-'a* { \s- JisJ.j.j) jju- JlaJ .i.juycJl jJJi L*jvj ij^'j 
4^_l5vJ! (J ii <G\ Jjj 4a^«j « i tlr^ r ^' J^ ■^~ 9 ./^ ^-^ 5 Cr* J ¥-3 K J^ji 

lJLXAj .Igj 1 ji»J jJI 2jT_OiJl l^-^W^' (J^ c/ 2 ^ *ij^>. ojij 3 " ^i^-fr^ (_/ dVW ^y* 
1 L*Jl ,»_gi ( jp tSjZ-> j^-^> ,J^> Lfj r- jVJjL* ^_»j Ji lab j-« «^^-flj Oi^-J Ju~xJ 

bj <u)| J y^> jj\ j-Xj£± (. o .p «■ LS -J' JLp ^r^V 4 O *>J ji -jp Lja jp 4^-^j j*ju\ 

UJI 



.4»A»Jtj * 



J^- 4(jJUJl Cijil\ Cjbjj&S- Ji 4JI jjP .[<ui UJL*] 11*1 jijL* 1^_*J (JU jJ-j 

j! . l$JU- j^P <^ j>-i _jt 5^r jJu 4_ijjijl 4_lJl C-lii Jy^ ,i - ^JlpjJl ^^aJt; C-sui»_j 
<.*}bj> t y>J i .t_jL^Jl IJla LgJjjJ ^ill 5-aaJI i S JS^j a-i-A 2^">l!l J?*'^^ «^^J 

r- Jj jl J^^' -Ji*^ <-£j^r"j tjy>0 oU'VjJL» t^l SJLi ?»w3lj J^-™^ ^^ 



. Aiisy j <3>«1* aj jS^I 3.,f»5ll sJL^S 

A^-l y t«-u«jl ^ iaJb -J t«ulp Aj »jtv* i^ ■."" Aji Jj>- 4jU*- A<J Jl ljL-4 ^t-j-^1 

l fO+aju\ J& -ijj -li -_*ljj o\ O »;ji?x«<aJI -L l j^>- . AJLi L^jj-iJ "^ A3 Jt* -^>«U 
I^Ajj-Ja»- j! ( _ 5 1p L?rjJ^;jjoVl tUJp ^g-Mv cV~ ' \-§*s* y^^. jij^> Oj-W le*^ 

Aj^P aJ>J>} j«_JaJ\ IJL* 01 La»- V r- ji\ <-£y ^.r jJjAa IJL> ^LjJ c^^r" - ' ^*y-* 
jjjj ( Jp jj~xj\ jj,[ Ojijj L?r jj^jjoVl «LJLpj ,jA_ai>wi!l 0j5" (3^ f^jl ^ 
Ljj. <Li a^^LJI ii^ii! i \*^lj 2_jjJ\ Ijl> oV Jj S ,«-$-• l£*- V »y> ji iJjXJ^» jc*-'-*- 

J_^ Jj c^-U»! j! l$J Jr-^Jl t^IlSolSLlL^oJi* Lciv.^l .oUoioj 
ji j>p .aJx~**>1£LH j^Lp x_-Ul Ojill tljjJ ol-ii^w ^ ^l±5CSIj > ^TV A* 
.Ljjw J-.UJI ^aiSfl «.Vjj-^LII «Jai^J ^ jS"LLi ajL^^-I cJlS' l^.uLi ,SS\ iSLjlSL. 

r- jOJjL* A<jjj »5JI \JaJ 0* ivPjJ tAJ^^i^ aJL^a» L»j.i JjJl ^ tj>^' J^ -^ 

j^ i-r^jA) Lc.iilJi Li cjIJu »j>J.I U^'U^IajI OU t -j>_jLjl)\ o^iii U>-Lj ">l$Li 
.(3jVl j4ue- *-^\s}\ OyiJl ^_^ip i IjLj a^iaJI J* 1 ^ L* ^ -t*^ *jL* 



25 (T:6 ii^-M C->\ <i ...,.->-l 



ri_^ t^.uL^w.1 j-fcVS' ^J j-*j t[Robert Brown] OjI^j cj^jj oli" 
c 1773 ^ jj*y. aJj .J>J*A\ -b- ^^j cJ^^Jlj j^jJl c^Ui*Jl (I l*Jl 

\Jla JjIS 1 1798 rlf- O-J-J J,l SjIjJ ^ .<u_-ljj jb>-l <jj}\ ^a^as^\ coLJl 
t[joseph Banks] ,j-^J^ ^»j_pr ji-Jl , ,k»ll cjLJI 1 Lp ^jlJi^-^VI i—»LlJl 
jjj iy*Hl <oi o>- Jl ajLs^pI j\j\ Jij c [Royal Society] "a-5vJ11 oi*ji-l" u ^j 

3-jyJl cjULJI ^ 5^p i i»"VI a*jjI ^ >— 'ji U. «c^L* ji }Uj£ 1805 ?\s- ^Lf- 

I : ,.it ■irJh I-LpL^-»« ^—I-^- 4 A— JSJ C-J Jj\ (j L»JU JO L»-J tl^'.u -gj« LgjLlv^JJ 

t«5^Jl ^~&Ij ap_^4 \^x^> c^,a,;,ll iJIjL-Vl Ojl^ ap_^4 cJ^-i . (J ~xjLJ 

cS-LSl c[British Museum] "j,LlajjJi ^i^ill" ^ l^LJI j^-i ^j ^^4 )\ t^A 

i ^j-^J^. J^J- ylj jif«J -b- (J^ '*J^ -^ .a-Lp >— *j^ *4* Jj^ ^j*>. f 1 -?-^ 

^L>-Vl {\j) j* jy^Ol [Charles Darwin] Ojjb jijLiJ t _ r ^.l ca^-'jj J^* 



i-,J\ Ll* 26 

AZf-yoJZ. -y, cjU-^- «jLc-I <Uiai y. c jjjta * ...■>- c j «I j j-g-^il -IaI . jL?-Vl l r^* J . 



yfc jJ-UJl ^ j jly. oUaj-M. OU..I jl J U- 1 . jjVl c£jj^Li)l JL*Jl _/-aiJ ^..~U 

. jj-l IJla Jl »^la^- Ojl^Jl a£^J-I uV ,L ^* J*^- *-* 

Clarkia ciJLy^l ^Li! <_jj->- 4-*IjS ^ Ojl^. Uj c 1827 _^ji ^ 
u*^y J^J^r" Lfri-i^l 'Oi^^-^* -^ jV «ji^ t+iji »j-*j ^j tpulchella 
Jj"^ ^Uj ^1 JLp UL—1 <u£J c 1806 flp jaOjT^ [Meriwether Lewis] 
^ jiJu ji Oj!^ jljl ji-ui .AJULi^l 45"jLio jlS" <jiJl [William Clark] 

( JLpj tcjj&j (J* s-_^aJl LiL jl *>L«I t*-L«l!! i_Jj*>- ol »; i ,> (^j^jj-j J^-* 1 
.A^~+£- «UL Jaj *-*-*& Ji^Jj>~ I i_j «Swjj i^vj r6-*r ic^ J^> -Ai )l ri Oli 

yjJ oJlS" Jl ?- jS ^ji 0^ i_3Usl jL'l yi- l Xi~ «jjli S-jS'^fil aJL*.Ap cJl5" 

Lftjj^d' jl jji- . Uli a JuJL# Ljil^p- tbisisl j j jI^j j_^ ,i r- L«i!^ '-r-'^- V»*^-f!l 
IJjfc i—jj-^ jIj^i-wL j^jj c2Jjj>o ?-LiLul i_jj^>- c— Ll» JLiJ . i_^>«j UkS' /p^J i» 



27 yr.gTll aJL^ C-»Lfc^-Jj-1 

tjjljj l$J iak^- ^Jl dUi^^U.1 JLiJ j! iistfljdl *SJ-\ eJUb jLi ^» 015" 

tljjj^j ic-iJjj ^ 4~Jl ^>-U jjdj t[Antony van Leeuwenhoak] -^j-* 
jLx-il oli 4JLS.S iL>- oLJlS" ±JL*a* Oi 5 * - ^-f :5 ^-!J *~»-L*M IjLjjVI <L£jo «jIj\j 
ji^ ul* 35"y. ^ oJl?-I cljJai ^i iy'-M^ °j4^ ^-6** ^^ V_gJ j%^>- V 3-j^p 
j fJS*iJA JiLiJlj tlil ^ ^j^. ^ ( _ s ^j (.j** J^j uLJ j^ ck;.^ <L±> 
Jlj ^IpI Jl ^zgJ t,~*s-yij> «.lil ^i iJ~l jJUjJI «JL* .b». a5">>- cJlS" 1 ' .o^-Jl ' 
jl jjP .1?^ $:.« liijj-* /ri vJ JL* 1-VSofc «I t. 4jc£ [^j'jj A»^ '^j^. jJ-^J 'il** - ' 
frbyVl ^^ulaljil ,_/»* J*>- Jj ii_— s3*i (<->-^l (j"" 3 -*^ <j-* -*ij^ J^i (^ A*LiiS"l 

. «JL* 9-bJli-l Z *.. " > -SL>«-«J |»-^J »— J» aJLA.3 Ojr^i <JL— ?u ' i g .^-*-T 

,<L»-L—Jl /^ lg-&-C <*jLpJ -*j!jJ y «jl*-»*» JJ*^ 1 \?~\ (JjLSJLjI ,/a»! (^-U JIS - 
O-ilS' \^£ j>- d\ ,U^»J (J^-i -^ Cv^* jL«W» J^* (Sj^-i &\S 1$±a j>-\ Jmu. 
i 3Vi : ,i.i f-UUl s-'j-^*" OJlS* iAjUill .j ,fr^_JlJl ,yi*J aJji aju^oj A^-y 
^jlp ajjJzp c-iUIS' cJU» LfL'lij jl jjP .aT/»^ i_jl^ist L^jJli ^^Sj 1 _j tl$l£Li 
_ £-UUl c_^j^>- j( Jt>\p>\ Vr^ 1 u-* ^' Ojl^J 1-^. Sei .sjl^O^ J-- V y^ 

.^lAJlj JlA\ j>«J1 IJL* ^Lp »1^1 Jl L^i ^OJ ^Jl ajjJ-I ^IjjVl 

V tCjUaa-^l . J-iit l-L* j-» 3-»^. ,_/»jji ji jiJ ^j jl OjI^j ol jif- 

• jj 5JLJ.i s-lj>-i -a>ajL ^iJJi -bu fli 4jl j±e- .igjLiw» iL iaj ji^j LgJl i^jlJLiS'I 



^J 1 U- 28 

jl «uip «J>- 1« t ajj~>- ^JUi jJ-j li 4jJjJ>! jjP SjLjLJ-1 «Jus." 4j&Li) C-> J 
.«L=~ «ji^. LjJa*"^ tji^s ^j ^ cJU Lf^J t a_j- viJlS" jjUjJI ol* 

•^J— jf- 4$ \f*- LS>>-Vl ^A lij*i5 Ifil J^-j 'j*^ 7^ L^a^i Jjs- AJI jjP 

ut"^ 1 Ji y^ 1 £^! y^J -c5>-Vl ^ il/«i U-L>.y t^^UJl iilyjl r- U- j 
J_^aJ-l Up J^, t J_^J| ^jl Jbi ^ i*ki ^ li_p t _ la^S" c^s^irJl oUrji 



.4-3 



£frji i£J^\ jW*^ 01 -^J i6 j4*r C->L-OP CU^- *U ^ J_p^J>l *^5j j? Jjijj 
jl lAPjUl j APOAl ^ j\sy^i\ ,y> Ajij_^ ;»ljb^L*>L> tC^Jl 05 Jjl^J jl jjP • W*?*^ 

lLLja jjjJ UTj J>\ "U~\ AS'yLl" c^-J ai^lyll 5iJaJl *1^ Vl «Ia JT <S>- 

jl 4iil jLjJ! oLu«> ^_j ^ t ^5o ^ 4j| jL^o .l^jij UiiLi* ^Vl jLS" 
aJI ^ .aTj^JJ Lgj^^j i^rjl^- jyU c5l i]LLfi ^ ^1 aJI U5" tL^jiljb £j*£ 

OU ji Lp jLS" OU .jwi' ^^L> JjL>o ji a^Jls OjI^j .il^^o Lfv^>r 01 TiJaJI 



29 ^t-j^tJI 3yL^, cuLs-**^! 

iS J~\ J-*l4 JlII SlL~x>- lixL~. ^Z tJ-^-^il Jjtil IJjb JbJl ^Ij ,jy>- 
l^iiS" l^jjL4 oytUiJi j V (»LjjkVL) ^LL^jJl L^i_oJbl Ja^ 1 ..ijJip oAp aJjI^JI 

ir^j^l (i ^li- L~* Lfa-^»_yj. *iil iaJjIjJI aS"jJ-1 ^L jJj«j jlf y#>«il /»wb*j^-l 
*L1p , k«« Ji» JLil .L^lp <u_iJ Ojl^. aJLS L« l ls- lj*ii»l ^jJJI *-* *>V_LS jl j^ 

■c 

l_jjy *-$J\ ji .llyij -u-jij j-Li!L> iJytiJ aL,UJ-I oL>-~Jrl jl (J^ Ojtjj Sj^^' 

jl diJ-ij jJliJL< t^.^^S" «-jl^^aJaL jl jljx*'VI _jl SjlyJ-L CJytJ Oi .^L-C- jl 
/»lp Jjly. (kr^J -^*i V| «y&liiJl *-$i *?ij (^Jj^Js .- ^ ^ «.LoJjJI I-Lj 1 

^ ji jl» V! olli^l j^i L? ^J ^ (l t( JuJ! ^ LpU 6^ U5"j .1858 



Xks\ 



<d>Lij jAijI (jJJl c [Democritus] i _ r ^2 iy as:j> ^-J a jJ l (jLijJl ^xiil 

j^-J SJLJb i^Lxi oU-— c>- ^ 2jjX^ <blil 15" 01 t./». J 400 (*Lp J,'_p- 

.( <^^aJJ L>li jJz- jjJ ^Jl tatomos aJLJjJI S^i>Jl ^ ajLJu») oljJUl 

llJLf- Li>^i /pS <* '*-'!-' ' jv^Ijl* jjl?;* r^» >j^iil 1 JL* o* «J jJi /fP yaJl <Jij^aj_ ; 

U-LiJ ^Jl Ai^^aJl tlgJTjLw cL^ISs-i toljJUl ^jbU .llLJLi \°jyAJ> jLT L« jJLlj 
( -Lp oIjJULj cLojjfc^l «'-r'"! < ■=*->! jj> .L^Lj^o (^j-» />»-*' jJl (i /y^i ^ «•LJ'' - Lfr! 
-Lply jl Ij^Uil ^ [Dalton] Ojilb ^^! 1 1803 (»Ip ^ .«L^Jl f ULp Jb 

oL' 3__J jjij jlJj^ii ^j^t^vS^lj ^j^. «j_U^Jl ji jLL» _ JLo_SJl Le-liiSl i i 

jij ,_^i*Jl Lj-vijtH Ja~>y iJL«-^Jl iljll o»lji jl ^ M-Li _ *lll jUjSC ^" 



x^J\ Ll- 30 

■Ai*- 1 1860 f\* j&- j?-\j c~£j ^ .UIjwjj sJJoy. cjIjJJI o^^i Ja-^aJ i 
J-JaiJ iSliA jlS' tilJUr.oljJJl ^^i a-iiLi UliU r- J LJ J lS' ^ Jjj yy 

frLlp j^ jj-S" JJLP t^Jbl JLoJ .4j^ 4^JjL>t* UJajl i5L* oJVS' 4jf jjP t JjjiJl l-L$J 

-b- ^ v«U aply ^JL.JnJI <^£j& uy^j* jW*^ lil-Ui-,1 jejjJ.* t L*-50l 

^ I j31j ^ <j JJl jdVl *L~&I (1 U t [August Kekule] J jgS c-o, jl ' 
jj^j jj£\ f U v-/ ^ ^UJl a> ,_-1p ^ ^jJl ,<£ jJL ^>JLU JSLiJl 

4_->L^V i.f^ijJ^\ «-LjLp ^^u. jl lL>-Vj t Oj^lj JjJta *-P"j^*' is*" *ij^' J' J 
JiS ^j tdJJi tJ»">U- Jj£S Xk±\ JJi ?<u~ii fryr iJl ^Jlijjill Sjij ^'L^l 

j_^£ l$Jl .\^yAj> l _ ? a\y>rj ^jOZ^j U~i frL»->Jl 1 U- Jllp J^Xj OjiJi .ilSsj 
/»—~>-l ,J C->l j JJl 01 j jjj-^al; e.L«->J! fLip j15" JLaJ . \^j> IS" -ajUa>- ^lp lis» 

2-1^9 c->b J S' j»-filji c-ilS" JLiJ .iaJbit SjJj^^u. *jj^ ^js^' tLip d) t ^p 
L _ r ia*Jl 1 g-ia.».,-: LiLs-l ^jLao tlpjli jjX> .il>j jlSv,» ^ aJIp ^Pj^o ,j]j£ tS^Jj 
tlljA jwP ^*.bll OjiJl cJua^.^ lfrJu .b-Lsi cjIjJJI »JL* jjj jl5" . 2LjU Jjj^ 

»jLaiIj 'js^i ^j^h £j>*ii Lg_L«j~- t<iUs jUJl /_» *->**- t/ CjIjJJI > »:>.!) 
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jiS^\ Oj^ail ali. .ajjJlSI aS"^L| 3L5LL» <Sy c—J Sjl^J-i cSj^l ^i \S J-\ 

ULc J±j: jj»j ip fjk,fl"j iJ^,?»!? j_^>- jouaII (_$ji.,...U Jp cjIjJUI iJji—i j-p 

.aJ »j i^iil o ->-l j^jl ti! 

ijUL 3^5" jiSwi ^ Ujwi; caaj ww r^-M 9 ' 4aj-uJ A—i-lS' *• li l»o\-* 
^Uai '[cS^I ■*' j-* ,*-• i^W**^' U-laJl ^p aj^-U-] aL«L>- L^O 4-1*3 tOjow=> 
tLip Li JJiJ .3jLbi£ aJL^« tLo-5oLj (jLto iJi» jlS" bl U aJL^* .aJIj-Lp ajL Ja> 

t£JJl t_.,.,. Jl (j^Jj cL*jiP y JjL'l jt !_A>-* l» jlp Cj\ji 0j5j 01 jl^J e-Lij-J^ 

J^aiJ ^dl AsL-il uli t^r^Jl ., 3 ./?».! aj J_^iJ jii^Jl tLoJsJl j «-^j^ tLJlP <_$jJ 
olJLJuCj A^^l 4j JiJl CJtbr JLiJ . Jjul cJlS" tL^-ty *Lipj ^rg^l tUJp Jy 
CjLUsb^Jl i lp jl 7*^ ji AJl Oi 5 "" 1/ C AJLJLi aU s.L±L*li Jtj^i-I OjjLi 4w»L>j 

4_o-»Vl L*jj*J oyilis» L$il ^y> jju iAJjl^Jl aS^JJ IS"j_u 015" lil j>- < U.?tl 

. 0L1SI iLalf- >Sy L \*~*> V 

Aj^wJJ JjI o«-L>- .ULijf'l ^k-jj j' I>LjjVI C->lJb~| ( Jp 015" cclte ,J-p 
(t-^> t^" 1 c^Jl ^[Ludwig Christan Wiener] ji\s o\-^*J> «Ji J ^ 
jt Juej 4 1863 f U- ^ .AJliVl ol**L£-| ^ a~-~u$JIj cjL>L Jl ^-j-b aj"L?- 

oU-^ci-l aJ iJ^,?»^ (jiJl Jj'LJ' 015" lii Al>w»>J JJg 0]j l^i. l^-lj^l ^c^j jl 
Le^>t^- jpVl Ajjil C-iUi-u.i.m- 4 -1 jU^^j *— *j-° ' J^L>- l-»~< tA-j J.I j^p cjIjJuI i_jLiij 
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Ls>l« <.ji*s- *^»bJl jyLll J*A>- . (j^JN-^tlJl » (j^j,„..iytJl ,_ji_Pj— Jl jlgSJI /_4 
-Lf- ^UJLaJlj 5_Ji^>-">Lll f jLJL) XJu>j jk-Zu J>-i>» Jli-ioV 2^jL~lJl -,> JjJuJl 
tijJb- .<iJJi 4jLJ> Uj tjl_^J-l jJlp cL»rjJ_^-l tdLJl *1p :J_*lj^iJl ,*->^>- 
^ ^v2il jJaJ! J^-j ^li l ^>- cMiddelmarch ^jLIj^ ^ ^Jy^}\ jWIJjVI 
jj^jjj t^Ui*il oy&jAJl (^i jjbl^Jl «jIjjj [Lydgate] o-^JlJ j_»^ _dl oibLl 
ilj^t j> ^U^AJ oj^ iPj^jf jaLSOi \1a <^jJ jl -^>-jj [Farebrother] 

/^ J^*J ^-g-'rlj- 1 '. l-*^*~° J^ 4j"Vj .0*^-4 j ^r^J ob-P Lo..,»." c^« :: W'l ^tjjbJl 
jjljj L>s- \Za yjaj- tAJL-il -,-4 bJLp jijjj^s <_£^j ji i/ 3 ^ '2j«_JaJl iiL-'^ls 

cjlli^-^t.] Microscopic Obseravations on the Pollen of Plants - -^~*Jrl 
Lj^SJ t^ : .,r^.<^><Lj — _^p L^jL) ffj\ I g ^-^' jl U li LiLa JjLiJ ts^j* JS^ j> ' -.y6-* 

^ ItJbj tLLail ^ .*i*il <<•— i C5-^ ^-IjJl f' jj^l J- 4 *JT ■iyr -iil-ijl CJlS' 

jl J,l , g S :j U i ^JjLj^I «.Lj^iJl tUjlp jlS' tjd^- x— UI jyiJl j^ J,bJl >_j ./: ; ll 

le- /jjjLill j>- jlf (jLsf jAj i,, g ,U I g ./? ,/?->o /JaJiJ tSJjjtu 3J">Lj Ii^h,^ 

jl ^ju oJJ~\ Juljl* <: ,..a:ll IJL* j 15* tjd^- /^Ul j^iJI CjLlji^ Jjis^. 
JjL-j /,$J tAJjIjJi '^Sj^JS ^x^Jl (-is^ol ji—^' -^j- 3 ' -^ tLJjJl j-4 bJLp 
jl <-~ij£- (J^-J. v* ,/J - •(♦-fr' *J V ^^ jp^ r i< g- '^ y ^j^ i*lill (_ s -°-5ol jj-wJl 
J^4 UI JiWi Jli» .ajL>-I (jip jji*!l (i <*— ^ J,) J-^ 2 ^* J^- (i 4-^oi jr* -^ 



33 ?T:fr ^fi-** 1 oL»,»-»^-! 

jl tiJjJJl Monthly Microscopic Journal ^» 1877 f U- jX^> us- ^ 
\ J^*j Ji v—w '[.Joseph Delsaulx< S. J] ■^•^ 'j—k ^ijy^ v V 
L^j j»jij Jl Oj^j^J.1 ^.^Jl 2jU>- j^p ^*fU SJjIjJl i£ j£-\ jl 7-ljCSI <u-^l ^-*i 
JIS" L$jlj>-) . JjL-JI Oj>o Jl oliji-l jl oljJJl /^ <Ul>-UI_j iijyw ^L»~«j>r 
_fc « Cijulli i>-! « t4~*Lj| Cj aIpI Jl toljJJI (jy. ^Jh* jl «-l—o-pol «.Loijt! j^-r" 

.(oljJJlj^ oLS"^ 

^ [J. Thiriont S.j] ^-^f <-^>jiJ -^ s-^ j>^i <-^y—> <^>"^ ^ 
ol_^ JJ l^'j ^ tRevue des Questions Scientifiques Js cj^cJ aJLL. 

J_.j -J ju <I_l>. U jl^i <iy«j jl Lp _^aj t[Fr. Carbonelle] Jj^jli" <_jVi" 
Jl o!* jl ."ajjdl libelles *i"^ 0^ Jjl c[Fr. Renard] -^jUij <- J Sn c y- 1 
^y>- J' iSj kj&r ^■s ^-4j tLfcj^. o^jy lolil ^l tf^JmjUall] libelles 
ojLpUs LgJi J U- 1 .cjIjjjI^SjI -^ oL~p J^vi ^ cjJj Jlsj JjLJI j^« «jow 

jl jL»?ij 4JI LLJa.. clibelles Jl J,l UjjI j— J^ >-jV' jLil .ai^JL. j VI c-j>^^i 
«j-oj—» cJl^" LgJl Jj V Vj'^h *£ j>- ij& Jli* I J* j^ t^JiL i_3jyw jJjIjSol 

dj ij~~* *~*?j^~ *^ J I- 1 -* CU~~J 4Jl t J jJL> Lo-a trr .'r>'i .^nJ~Jl jru*>Vi IJL^J jl jj.3 

^ c_^J:> <— 'V -^jj U^i 4*fU Jj^j jlS" <_->">U ^jlwj i-jV ^. L» jl r»-^- .Lf^- 

.Slval^ill oli^-l *^y- 

cjV-JsU JU 4jljjJJ j^jbjLiil jl jjp t^^wiSl j>j J^Jl ^ jLaLSJI jl Jut> jliT 
JU- jyCj Aji ,,-^.s.» jJ^Juj j^J^ f" j^*' .f-LaJl ^v» -b _jil j'y~! 0_j^> J U- ^i-^>-l 

L^IPjw jA5j toL-~Jr-l Ig»^^" Jl 2iLj,l . AjjIjJl iS'^l ^ iOis-'iVil 4o,a.ll 

JuJ ".ojj-Sol ^IopVI j_y^" sL>_*.l Lc. ia^y jl . Lgj (*jiJ aj^jJ-» *^y- J^" ^ 

< _ r -^>- a^ o Jj>-Ij fl-W? 5JL>- /p<J>. Jl /1-« jpu jx-*£>\ IjLJI nSy'r Jl ^jlJjl rc-Jsj\ 
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j_* oJj»«j U Oli cdJJi ^p L>_jp .Ja^-"^j OV iljti 25"^ -±jJi£ 01 ,j-* <Jj'^ 

j _ s ip ^,-J ( ^Jj toUL^VI JS* ,j-4 *-~Jrli J^aljl» J^-ij. ^iLai culiji-l O' 
^ 2ukii ^j\Ja\ ^i ^jL^JI oji ( ip \j\l> Jl CjIjoJI .LoLc , h:;« jjP j^«J 
2Li*il cjlijji-l iJs- 015" Ui" c*— »ij cj_jJI (/j ijijj L$JU*7 ojIjJl c->L_>~Jrl 

Jj! LJju>*j Lo c l ^a*Jl 1^.,ai».; s-l*Jl Ja.A 2Jlj-ijt!l ^tjl*ajl dj"VL>- cJl» tlj^ 
j— Ji <LU Oj^j (_$Jl ce^^ol jtJLC-VI 0_<yl»" (JLp I.xJ.I o.> j-* OV-2 -^r*" 

jsOpj *j>»>»j Vj'j^l *£j£-\ jIjlL» Jaj^j 01 t^La^-^fl JV-lu-VI y f' y' Ov°-^ 

.<0jiJ iJl» ^ j^Sl «U J 1 j5sj i <L>1 j;P . L'LJl i Cj\jbjir\ «Ip^vjj 

^f^P^jyr~<Sy j-* 'l?^^ - tj^s! j» 'ic—^ji r ^ f l' 4CjIj^*i ^pi-P -bu 
^Lp <uiv>«il .-jjL.Jl ^ 5JL*J— t^Li t[Louis-Georges Gouy] tjy>? 
une trepidation constante" SjLjh v - ^ J^ - U-*- 9 j t^j 1 ^ 1 aS^U 
^j^ jOj -01 djli jip JiJ .[oj^j i y o. : . .- ' o>L>l JaJsI] "et caracterstique 
(iJLt 01 jA -UI — )\ ^1 Jl (S^y» 01 i«u-«U-l 0jI__h JL«^I j* ^«Lp Oi^ -^ "^ 
U IjjSU) UuJaj US^ t^j ■"^ a ^^J liJ - , £sf^ t/»*. o* ^ J" j*" ~^J~\ 
JLaJ ._^Jl iJt* i Js- -J *-> Jl Oli t(^i-Pj— Jl oil^j T^lij ^j'^ *vJ\S 0? J^ 
f- 1 jji (jJbii ^> oU^-Jrl <> I jjl JS* ^i <ijJisi aT^J-1 01 - (Sj>-\ ~*y - ^ jl*r c~~* 

,/aL>- Lo c.«aL>- l-Ov-fcj ,iJ^>0 'V (»-»~»^r (_$' ,JLp jy*-^ j» WT...J i AJl . lilj^Jl 

.c_~~Jl y> tJi^ JsLiJl O? Jl caL» OjjjiS" 

CC—J aJ jl^Jl a5"^L! 0! AjM^a! VjI OSl JLiJ .dJii J-» JbuJ Jl u^Ai «0 1 j;P 
15\^Lj-UI (jol «i r- j-i' jj ^aiLj Jjl tAJCJLZ^ii O J-l /-4 Lp«j c -aj«JI T' J^ ^°^ 

. *>ULi l^u yi-! (Ja*j f' j**ij t*>VJL» Lg - A y jJaw <t~w»v i2iUaJl J^l~J i i Jaj<J\ 
tiJLli -bu .La 5i$Lx« iJLA c~--J . ( JLSnJI Ailkll j\jJL> *--lii Ll3li llaJ Lj^Jj 
100 AW olt.j*JJ A-LuJl AP^I JOx^ J*>«j !>->• Jbtil jjJUaJl 0! Jas-N 
c... ,.<»,' t<_g -si-\ o -• .aJjIjJI c^ Lo->,.....-*-I i£ j>- L^j jJLj Jl 5p^-JI ou«-i5 ?J* 



35 £?$-^ *JL$-" * 

t<ul jJ^- .jJ^\ IJL* ^-uL of "«js*^ alApty OjjIS" jj-J^c. ii :l-* sISLi^. iiL* 



f LiVl -^ <-Jj-» L. IwjJI <?rj ( _ s 1p ^ JUldl «i* 01 jS- ?4J.iLail jL^pi 



39 pJipVi jJtfU t5 «— " W ji^ 1 



^j-w» (j-« ."tbjjdiJl tLlp oLil jlSJL; V} jwu -^j i oy&UaJl o-La" jjS^J AJjy» 

jjiJl <£ Jai* j J <gL JjL4 j' j^U.^ JJI c [James Clerk Maxwell] Jjj— 5*1. 

i Jjaji 4j^kj OJJ t j»" I Jil*^. •"J-*^> JL-Jl ^P VI iJUuiSZ ^ <.&! j^l ^^4 (J! 

jJ^\ IJL^j 4^Ljjfcl *Ap ji JU-I .Jj'Ij^JIj otjUlJ ^y^j^-1 s-c^^L. ic^i *-* 

SjlyLl i A^y^l Aj^iaJl jj^l^ ji Lb-V (*-$->"> *j> L»^ tfrLjj r _iJl J^ ^i J^Li-4 

.aaJj «LsiLij olSUb»*^J ^L *>«j ^Lp 
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ijs jj*jj c[Blaise Pascal] JlSL^i jJL. Ja^i**.! <.jc~s- *j.LJl j^iJl ^Ju^i^ -L. 
,»££ ^»LijJl jLu^VI ^ <k^j jyljj jj>-Ij t[Pierre de Fermat] oL.jJ 

a^Uil o^Ls ^ ^-~~>- j\&>z\ e -i-* «LL 01 j>p cijJl j S^JuJjSjl ^_->UJl i^jili^- 
JjjjZ «jjjit ^^JLJl oLsi.lj.jJl (I U jlpI c 1831 fU ^ .%_> la j J>i-I 
Oy^l jLpI t_— ^- Lj^ ^ ajr^l o^a*1 JjlJ^r [Adolf Quetelet] 

<^~*JJ '^./r' -^-g-^-» r^J 'r»-£^*-'J [ajjjVj OjjS'JjI 0->- ^y] j»_^^L>-j 

i JL il ,J;;" 1 ji^> c*jj~J jl Ji>-I • r >..>.4- JJl* j-io Jj « t<Lu~ Jl *L! i Lgj «-L>- 

.A-pLu^t^Ij 4JlS~Jl fjl*Jl j_i aJL^^^I 



4JL -la -LjS iJLpI «c-Ij-Sj IjL« Jjj.....fi La O-^Jtl—'l t2j~o ijyju (11 t>- *Aju. 
oULbM jj~<2j 01 -L*j . 4j jLp U- J oLiL>- «iLa j »SJ j( O^" 5 L — J LJ 1 , i APjL 
LLi?-| UL^ « Jjj.....fT L» wlp-l t,p"J ^ri-iW L^Os-^- a jows oL^^*- /-• oIp»^>-^ 
, ,vsIjj U^*- (J^:""; j .4jjlJii.l oIpt^JIj ?\s>?j>- j! -j-a (3Li2jj oL__~><Jj *t_o— o 
-j>o 3jb_aJa aJli LjlSLi jjp olftLJ-l JiLb- 01 O-JI tr-Sj^-Jl !JlA ^ip ( -*- Li 

i_JLvS> j .j SjbLf i — jLoI j*lJu>tl^l OjjJ-lf. jl Jjj.....fTli ^^J CjUIjSJ oUi *X«j 

fLj;uiJl «Lip _L*-j -Li! . jUJl /j-a L_>*r- J^-^J jJl La.iL2J.lj injjvJl oljJlSl 

Sjtwis -_£9 ijLw ^ ^J^->«-! JL-I^-VI « tLv2>^l 1jL~4 JjL^i J^jLa i g ■■■ «'l 

cUjb La»L J^-ij il>j c (J-L*- 4 ^ ajIJ-JI .L» iSLa 015' <0l j^p .«jlyU 

.^.SfllJL*, 



tLjJ j-!p jyCj "Oli tioljJJl Lv /»jjjj ^pLj>- 0L>yjb :>^£ «j'j^* o-iLf lil 
.CjIjJJI «aa ^Ip SJLk* iS'^J-1 i /H-^ uv'j* (j* ^^-^' i/ fv^ ^ *j'>^ 
LAyLlaj ALiJ La jJlL uL>JJ 4jLjL5 0_j5\J jl 4jjJJt joLaJl luVL- ^1p Oy^ 



41 ^Sn jAiu Ly «_j Ljj^Vi 

j_dd *>LLd ojl^l i^jL- OjSsj jl <-r>yrj ^^i l* tijLlJ* ^Jj^ j^Lp oJui Jl 

^j\ ji ~4*jyjA\ tSjy^ j /) J^-l t[Marquis de Laplace] ^//^.V ^p J^jL» 

:jvi^ (j^^l j^i3l ,i A-^b^Jl L»jj^ 

i_jy«j (_$JL!l J>Jl\ . 4JLLL-J. Ll_vj 4_^Ll S^i jjSJJ /f* I ^ I a-^ *5l jp«J jl LJ 

'iSy-j Japty jj^ol j»L-j>-I ^5"y- eJL»-lj 5J^L«j i i_Ai^J Jl »_^»"-; l3j-w 

c^vslil Lia t Lii—ilj ii_jLJjI *^>y> ^ls** 1 ^ tj>-fli! IJ-* J-^c- i4jlji ,^^1 

.<ULjp »l»l %'L* jjlC i_ij->- 



>* ^g^ JS" (%-^jjj" o* ^Tout comprenre c'est tout predire :Jj^ o\ £^~~> 
^Jl 3i ^Jlll ol^~^J-xJl JS' j_UaJ o^-xJl (^Ijll «J-* j£* ^p .«-(c^ (J^°. W-J J* 
ajL^JI i <Gl JLp *Jjt!l Ji'j c^pLJI 2JL^]? ^1p jjJj lL_i j^^Jlj c<Jl i L«Jl jSj£ 

j J-.I ij\ j^ jli il^ks-V jl *L>>«J1 *L-Ip C~ii ^ l<Sj c>-l L y>^' j-« 

/,-» *-5^>- (i '■iSj^T y 8ji JS" 4j f jjjj <_5 JJl (_J3yiJl i]ji_Jl i__jL-j»o ">\j«i j»LiJl 

tjviup *_^Ul ili^iJl^» J,LiJl ,_Ju^Jl 5jL^j) . Li»iJ LtiLu L *>L>r., , :,..^j Jali ^~J jUil 
. JjI^JI L*^_lp -J j^j cjUj^JL-I yw jJi j& Lili owL^ o^X3 «.Ui*Jl (_£jJ jl5" 
jLjj-iJl fLoip j>^j iS -O-fc-" ^y^j ^j^y <J^ (Sf^-t ^^>. i iJ^ j^*-^ ^Ji^ 
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.^jlj_jlaJl iJul&l AijA\ J>Jl* jS- *JS ^JLs^jJlj LjS'jLJ o'Las-l i_>L»ji Jl 
l$L*L>JLll j y\s J& l*i L. jJti r- Lpj| jJls^» 4J_jS" -s- Ja.*»ji\ JJ-I IJl* t_jL>i5sj 1 

UJ i[jJapSfl j^iJL! ^jk^. 'j Ljjj^Vi] Entrtopie strebt ein Maximum zu 
c 1865 r U [Rudolf Clausius] ^^P cJJjij JlWl *lj>iJl <IIp JLpI 

o jl^^l J-i^J <—>«-*> . LS ^ a ^ iT^* i_i 7?^ u,"*"* f-*° •Cp^°^ [ (* w*:uj (^ «L^ill 

oJla tbJi .iyj t-jjjdll ^«ajj «liJt i-jj-^. liij o jUl «lift J1 JjLJI j^ 

^ Uji j»- ijUl t-jjyiJ.1 iJbj «JbJl •,n\i'% *^>~ ilj _^ .UjjoVl .ibjJ t4_L>jJl 

.J, UJI jjjliJl <o'jj Jj><j U IJLaj tUjjoVl c •/?«;! c jLiiJl 

JLaJ .Sila- «jl^^-l A», .W , d^" jl Li J,liJl jjjliil ^J>*"lj ij'yv^ - 
ij\j£~\ Ji^J .tlij-ill uv'j* Jj^> J' if'j^i ^' cliJij U>j£ OjjLail Ijj>p1 
.-ibjJ ji VI WiJj^Vl a~<j ^ ^-Jj iijUl Jl ^LJl ja Uj-b 

jyliil *^o y cjlji ^j> (J j- - c-.,.J ojl^J-1 O' iIi>-%» jl IJj cAjIjJI i 
Is-yo^- a-» c5-l?-LJI ,»J j^j caS'^J-I i*)^ oljiJl ^ *s-j*j£ \;U\-i- lil .J, Lili 
«IjL^aJl c->VL>- (J-^jj s—A-S" (i-f*J <-- * y cSijUl (»J j^j i25"yLl SiJaj oljJJl ^ 
c«. ( JaJl ls-jv> oJsL j j U>La /Vj^-Jl ^^r*" i>* Js^' j! c - 1 ' J ^ CV. £->•*£■ ^ 4jLuJI 
Ojlyi-1 2b>rjJ jjSo «— *j-^ i)l-L;l ,l.j.,-iii iP^^JL t Ja.>./_ylll Ji 4x-aJJ-I iJ^x^J jl Jj 
-Aj^^jJI 4-LjJI .»--JjtJ (jJJl _p«Jl ( Jp Ljjj^VI *i»ljcJj C jlSL. 15* i 0-Ls-lj 



43 (JipVi jJLilJ L/t -J Lj^Vl 

jJJJ ^Jl t«,i.fa,.ll CjIjJJI /^ AiLU JL?-Ij C~>«j ;4Pjvi j^Sl 4*jjvd\ oljJJl r- L^j 

I» L^ 1877 A& .J l^r.il 5-3W3 V^^j ^jv* °y^ L» ^:"^1 A^r j l Js- iJl» 
A^-I^i:. i-J^p <^iJl c[Ludwig Boltzmann] jI»jJ_»j. ^-^ (^jL-^Jl &Lj-a3\ 

LjLa»-I LiLi» 1 g 'i :f>jj Ljju y\ v_JL) ju i 4_iL J? Jl>- « jJL! . <UjuP ~&£-j* « r-Lgi.1 
(Jl L jjoV^J ^i-Aj olj-Ul ,ju (OLaJl oVU» jl ,juj tOljJJl (j> APj^r '*& ^-i 
jJ ,^syu\j /»UiJLi J^lo Ljjj^iV^ J' 0^X4 j-L^a-» »A jl»jJ ij . JijpVI 1 $ " «■/ 

.^UiJl y *_j^i ^ aj.sIp jjp a^-j^ 1pUL>j IJl* jlS3 4^>-Vl i iLi-l ia.f^W.11 

Ll-5 tLil « C~».SLai tC->l J JL>I JJ i _' . U I ■:•»- 1 1^1 L»| 2 >>o-i.- * L « J^\ j yr^j k t yjj 

iJlijT.Ljjj^Vl ^ («Ja^Vt j-LaJl (^ J-a^ i_>j~i t^^-J.1 (^jL-JL. L^iLU ^ 



Js- .yi-^\ sL4^l ^ ibjsl o-bi Vj cJ^lj «Ufl J L» j i o-bi a_Lp ^ . 

.j-4^Li ( jLc : ; UJ Sjff 4jjL-wL» cCjIjJJI *ff j>- r»-^ 1 J' ' jr"j>^ Lv'j* ^i* ^^ 

V • J>J*> Jv'j^ J^ C~LfaJ t^jJl oLs^ (j-isP C-J AjjJlH 0>l5yU y 41» jl _^J 

^faj j ..j o T.il IJL* jl ijy- J$ t Liz^J.1 j ^sisLll jju a : a->- j*_C <_$l l>_JlSJ.I A^-io 

.IS-JL>— II /-4 LojL» LSs-io 5fa.:r.-ll ; jL» J ij aia ty« i ^ia-»Lp ISsJuj 

( — J^l c-iL^Ij^JI i Lp o~jI ^>- ailajv* jL»^J_«j oLj! ( Jlp 2JlU j_^- ^i i 
,jy>- . jL*jJ_»j aia^ Jai\^ Ljil Ioj AiA^y. [Henri Poincare] a-jjISJjj c/^t-* 

^ip jyCj <0l "LjjISO »j A^Ajy» -L t jLiiJI rjA LoJ>t>- cJJ'jj C->l jJjI -jA 41» (J 1 ^ ,J. " 
;4ia^m^4 jl 2 ,> j^J^ «I 4Jlp LjjGI 0->li Lc-L>ji r^L) toljJJJ /p^ « ^Jy ,JS" 



a^_J) f jl* 44 

jjJlr.Aji j_u t aJU-l «-u ^y . 11*15" Ijuf U^^l liU» t">U-T jf "^Lp oji^j 01 

V Jjli jji> L» «_. J^Lo 01 *i*Jl ^^Ip t^yii tj^jbwUp .^Laf AjjP^cJlJ olj JJl j^p 
01 <y*j I j-» . 4-*Lij oi>-^L« <_^jL>ti]l Jp ^eJLai! :...-.tj L« «_• t _^*L « <_£ j 

^Jl litiV, ijjjjyl AjjJIjJl oUjS3.l CU—J OljJJl 01 6-ULj Oj^tsijJl Ji1 oiJ 



OlojJjJ J^*jy> u¥. ^*UaJl ^kiUl JJ- cJJL. ^Jl 4j_^lil oVjl^il *+- o" i 

olj Jul ^UiiJl v-» p^>rj\ 3-oiaJ.I i_ul , JJl <_^l Ja-Jal tf Ip 4^-jj . ULC Jb^^w^ C— J 

. JLlS" \J**l~u, ^ ^Sfl ^Vl I i* 01 jiP - *J>-^il 



^^Lp i_j*ij5 ii^ji 3^j .JjLJ! Jl ^LJl j^. oj\jJ~\ JiiJ 01j -bjj" 01 Lj^Vl 
^9j^ J-* ojl^J-1 j-. JJi Ji^j O' ^y tt^J C^ljJJt ^UaJ *_i^LrfaS ^yJl iL^kll 

8^LjJ oljj>-l J,J cjIjJUI tjy. j»^L^ii!l j>«jj ^5j^ *£±j£ L«Jli .^i^J.1 j>cJl Jp 



45 ,Ja*Vl j-AiU ^^ Lij^Vl 

4jl i^L^^i^* ^^^-J 1 _ r »£*Jl 01 y^ ■•^i'y <— *j— ^.Jj^ Vl Oli 1-LJj 4^?jji]\ i 

Ji>«-v o_Li ri_>-lj ^ L* j»\ i i) aXJui.l« <Lp«I _Ll Aj>jiJl oJl* c., o-g.."' 

01 ij)j£l 4Jl S-^J -^* ct is^' <-£^ 15**^ *^!j^' 0_^)13 Oli ISI tj»_gljjj Jjjj ,^_ . . A.^ jJl 

^ yi^^J 01 y> t^^SoJl ojJb>- ^ c*>Ll>> c-JlS" lo-g.* t JUjl?-I iiL* /r^j 4 

~<&ijas. ,, gr^i j^p-j *IjJ^I s-L-Ip jj-« olj-i!l jl „f?.il (_£_d L>d« ?t~^5>l iJSjb 
tajLaJ l Js- a^j Jo j*j> ^j i<u~ij 0L«jJjj j£p 1 1896 f U- ^ .0 y^a j>\ Lg-Lii 

*laj>-'^i.l Cj\£jJ~\ 01" J ji i- r -^' ^ . Ol j-iJl ;*JL^> i 3 k;, ;j S^L* 5j»«_>- J^ 

^ jliJl 4-jLC ^ JJI lai^aJ! 01 Jl a^-^j" 05 yu^Jl ^ AjUJI jUJl oU~w>- ,y 

jlAJI oV t^Tj^jo ."*>Ui Jil ULp-1 0j5oj t^LJi ^Sl UL?-1 OjSo Lp-^k^. 

U..-.-^ ill-LA Oli tjljiaVl \iji- **ijbi ^_f^J olj-ill oVj tOlji ^ 0jX* 
L» Ja..,r?ll 4>rj J^- tJLfc .SjJjI^ j^P- AJuJhj lilai) 4JL?7 l5y>0 jliil ^ \ jjt..s> 

i OLojJ »j 01 Q L . y .'. " j <»jl j^p , jiJji i Ojj y Vjj »j jfu U^li» 'lS^t '_/*' '-'' LJJ-r - * 1 
01 5^X3 ( _ ? Ip jo»j SJL'li iwsljj oj-Ji jitUjJi U- Jjl OIS'ai] . ^_gJLo_pf ^gip * 1 W : 

Jj iojlaiJ AjjJJI a.ir..Ja.ll lp Jali ^^J l^iL* I^v2j l-ULi JSLiJ 2LJ jl^l 4ff '^i-l 

.^Jjjjl O'IS'ji-l ^ 4^.l5Jl Ajlj-ioJl lp 

Ib-MJ oSo i L^Jl !jA\J\ . Jj>-^ 8l~Jl Jo i 9-U iJl>J.l d^jiy iJsw-^l» 01 JLj 
(I 4iL ^ UI Uyf ^ J*jJ~\ j SjjUJI a^.> 01 .p-UJl ^j> U M 0r" LT^ 

i^j^^jiil j> ^lL-o ji U*>\ji-j ,uiV l^.f iJjl^l iS'yLl ^^w-jij VijJrl ^5"^! 0> 
0L»^]^j t^-d cJlS" ajVj t" c'^ji-^ol ilJLpVl OjJli" Jl 5 - g : ° 3ijJaj I j jUil /^iJl 



3_U^I \Jua 46 

h6j^\ LijIjJl Aff^J-l jJi uL> Aa^j i OIS" ciJU^»-^l Aj^fiaJl ,_jip «^u- 

.oljJJl L^j ^jiJ .Jl ^>*Jl otS'jJ-l j>ij 

i 4j| js- t 5jL^Jl <_£_p*i OVI oL»j]_^j ,^49 wLiJ . tLj*iJ\ cULJ iJlj^l ^S'^J-i 



IJlA ^j tijJaii-l L^yji ijjljjl Aff^J-l l*ai iJLj jl JJ j£-\ JLaP ^ 
Oli" 1 1905 fLp ^ .i_Jlill J^-i^l d^T^^i e^. Jjl <*j>-ljj Lx*ai ^y>. ^Jsjil 
^jX^ i .U-** 015" j t^Jj-'j Uai (jLi L^L^ ijij^-i ^-" j-°-*Jl ^j- 4 A-M' iJi~~-i' 
.iLCjilSl 4jLkj ^ip J_^aJ-l ^ip Ijjli /^o i 4jSf idj. ^j 3ls>-J.I ^LpIj^-*>U 
C.ijjl jl j^P .^JLjjjjjJ! JaL* » jfl i a ,g .lu ii^sj I iOLs^jl S. >ii ^^ij <0l -t-Pjj 

j^l t L^aLiJl i AJj^ilj 5-iixil 4 r /?,/?->dl jL« jj_^ o>L*IjJj l^>«jt* <i »>Jj 

i_.. : ■; jiij UL*. i ^oJej t^JJl jJwaJl *-— ^-1 jl >>-VI J-* Ja*-V 'L* il*-^ i 

\L» c^jcJLljI jl ,^ljj 4j| js- . jL«jJ ij Jli Lco L*l_f _ <LjEj l>- <j^>L»Ijl^ Jj «Jl>- 
tjl>- t^i (J^-J .4jLLj L^j Jli J$\ Ajaj>\jii\ i]k^yl\ oJla J,J <uij i t^j^-Vl 
I Jj>- jyS *-*«j>r ^j^ cJlS" lil L>-P JcL-J wUJ . jJL^-Vl ^ y^i c^-^l P j^ 
( Jlp IJl» .(^jiJl ^yiU IIaS'j O^W* IjW^' J^-*^ -^ ./f*^ J^ ^Jj Cf Cr^- 
^_jL~ j- ji I jjt J^ijj .oL>ti^<lj I Jli » g ;So i j tj^-^Jl 4j t )LLj L» U.,^i1 <^ » 



<ljj*s- t^JiJl JjLJI ^i cUj^I L*jy^ («Jl Lf— JJ a^^J-I AiUsj J,jljJl *--^>tU 



47 fWVi j-UU ^ Uj^Vl 

a1s~-j y*>U- i)LA jj$o 01 ijy»^ .Ukj J-Al _p*J ^Jp <_i_j'j>" <»-s*~^"' ^j*^- 

O jM 5.«.j,Jff jl rS- . LjL^JI ^ »-— Jt-I APyvv ±L*a>jZa* t-iSj^ 1 4P^w J3-~* yj> l ju 

.aJju ,,--..-4-l IJl* 



L»lj4l iJlLAj U* AlS"y>- c-.-; ■..-" (jLi' i_jLvJ>- ^j Jj JjU ^ JJ-«J" (V^--^r ^^r" 

h.iT.ul l-Osjfc . ixw*tll (_^l aJw» « <lr*J -J** - ^~* dr*" U V "'N >-* (*-s*~ a r ~*^ f tw ^. 

lV* H'* r*i ^* J3j* -^ ju - ''jS*"^_) •(fi^ k *^^ (3^* 1 g .,^?j jJM ^jSoT.Sj Jij A>i_;lj ^JiJLJLjI 

ojj^Jca s^^v» o L.J r ^r~ ^- g 'j_j-s<aj Ojl j '•-•' J-3J T J° ls^~ ^~~** Oy^ - 1 
4*jj\ Jls-I f- jUl aLU j£j- Ji) . L^..J 4^5" aJ^ J ji 0^-^ ^' 'J 11 -- g? 
r-^ iSj*-^ cjb»oVl ,i U905 fLp Aj_ji>Jl ajj£ ^j \j>ji^t a^jU ii>U*jl 
t JjJtJJlj «_jU<a^ tL)j_i5l sLJLp ^ Ljuor J Uji 015" U 1p 2^>Ui-! 4 ,.;.,■., :]l O^laJ 

.4JLJLM «.j^iiSl A*_Js ^ a j i. : . ,.»■■< »~»LL« (V 4 ^) 

di» ^y^lj ccjLJI «.LJLpj tjju^^^iil <^aJ AJjyt» cJLS* SybUaJl <j\ jLioo 
Ol^^all ^j-*" *J I ,j-» jj*- ctLj>«J' ^-*-* 4*JlL* ^ .Ai>cj 4jUS'<.UjI *y^ i«JLp JL^-T 
{"A-ij!jJi JL^j^i-l A$"yl-|j" (^o— o L. ^* L* LgT.t,jb* tjyCj Jl O'LS'yJ-l 0j>o 

ja 4*i Jil »ji>-Vlj jio UJ L^U ji>*Jl J, l _ 5 ^~J (c^l JwaUJl Oli tkiiJi ^jU- 



jljo OUr ^^ ^J^ 1 |^Lp (jj^rl cl908 flP (i t^jly-* Cj">U Ji*j 

«j'LJI jjlij tJJjIjJl 2if^L| ^W^ ^ii-^ i_jjb>cJl j^ sJLJl^ [jean Perrin] 

9U7LL» IJl* J^-io i .OljJJl -S_pTj ,-lp SjtLliJU 4^-li-l O^iJl 4-iL^>jj jijy. 

J-il LS i>- .sjj^l? iji 4J I jJJLpI li 13^ 1-^ olS" L. ttljj^iJl tLip . k-- _Up 

t a— jj c~5yl ^ .9jLSj| jJl*^> i>«J 1p s_JLiL>- cjIjJJI c-JlS" ljjoA.\ IJL» ■ _» 
jjjiiijl /p* Ij jAyr \t-j3r 4-a-^>jj tz^j\ Jl 4*^ «_C. liLJui* 11 , r »-»-N/\ jOviJI jL5" 
jjjjl -U_* tJU-l ^Jajj .Lal^p jt-vaiJ V <5*Ap Oo V I Oy c~»li Jii .^Jlij^iJl 

^^«-Jai CjIjJJI i J-jL» jj-^iJ <_£' tjjiaJl IJLgj CjI jJ^J Sjf^i-I Sj^laJl I «jvs>li 
AjjI^J-I iSLaLjjJl OjJli -_-J ^ aJUl^-Vl 4»-Ja!l .ll'Ui?-l W^l ljjj^ai[j 

■ jvM ^-'-^tj L^l - ^y*-* L«-Sb Lj jjoVl -Lijj - J,^l 

jl J_^u cbj-iJl tUUJ £«-«— J 4j jS" i O-LjJ jlS Oi^J^ii -Up JL^^I JV-^-'Vl 

a5"^>- i^i iL^il ^ lS ~2*^\ jl .^ ccljJJl ^j_t^ j}jL* jf- l^S ^lSL^-1 
2^5^ Jply Jl Jizr olS"^-l aJi» 01 y J^jS\ ^\ y. S/l .ioyUl cjIjJJI 

jl ^ 4i5LtIl .iSj*5^ J^^-i V»-^ t^jL^jJl ^j t^Jail JiiJ .^^^s^j 
.ydl ^ 21.15" SjJi JJ ( _ r viiJ ^1 4ji^Jl aiyiil t^-">ij^ 



( _ s 1p l ^j 1 j^Vl 01 j>p .ijy^Jlj 2j^JiiJl Oy «i4Vl ^'LjjJijj.Uaj iJ' .jJUJ-l 



49 ^Sn j-^iiJ ,^-j Ljj^Vi 

F"^ 1 5*3 tiJLs^ ^yrj ol jJULI t jla:U J_lp .LLj^- L$Jl Jj^s Jl (V ^J ^~«i 01 Oo 
4-L»L5ol 8jj-rf2jl ajI 4j JiJl j^j L« jju oos^i c~>iii I-XXa .LjLs^^-I VI L$jL^> J 

.i UJMJl* ^ ILLp A1P ajb^'l 4jy>«dJ (^gl^l; b. j t£jlil i b«JJ A^j>w2Jlj 



^j ^^.^Ul t L*-j! Jj ^j>- <j;:>L. }. [ju ^\J~\ ^~->ll JUlI ^ Oil Ali L. 
.._J->-IjjI a^*-^3j jij tj-H 3 . OjSCll oi-iio .i [*}\ di! J-! t _ s ^_L>t5\ jj-^JI jLJf 
*-f*— ' j ^ -A«j i ajI jUj ajI j^p . LIS" (l^io ^.jfc^v^ , ^« i ljL*b 01 tLsijJJ 

AJyo -JfcjjJjlC. ^.o-sArJl \ Jj> L$j (JjL>«JJ Jl A^jLSsJIj aJUIT Aiyca JlP Jj^ii-I 

.aJ J5" (i-j^?- j J^-i te^ (^*_-j ^ < _ r J ^SOj iO^Jl 1-bgJ J jty Jak^J.1 

Henry] j>ol i_£jb» f"j^' tAj^waJl a-l* Jl l^>J. ^JJl r-i/iJl t yw? j-« 
The Education of Henry tjljL>Vl aj^p aJIjJI aJj^ j^aJ <jj$\ t[Adams 
A_vl_Jl fji*}\ ^j li^U c^J^Jl jl^kil j-« ">Wj '[j- 4 -* 1 c/jb* c^*j"] Adams 

i .A-Lc- AjiiJlj JuJl Ojla^ -biji i U- ^ *UJl J— **> <i L^Llj tjji-b'lj AJliiJlj 
jJLa»j «yL» sL-ii AiUaJj AZjLg.» -b"r J AJjjT Jj ^f^JjJJ AZ^JjIji^ kiii-5 * j* rS^i 

. Aj jL^I^o V J&V^S. JoJ-£j 



dJjy ajI -b>rjj *^>*^ (_^ t^'^^^ 1 jV-Vi^Vl j*-bL" jp ^o-o jl» j^^TOLST 
t JUSOlj fLJl Jl Jli-I A*Jaj Jj«JI i_i-l$j .fULJl ^c lg_i _^>Jl 1 Ai^k; 

^jPjLL^j (_£Jl!l ,-*i*Jt ^S fi\ 01" j-* tAjtJjJl J^^l AiJ Jij 1 0^1 ^-b- L. jj^Jj 
Azi^k; tAJ l_b -Li! .""aj^JjcJI" i_-Lkj j^JJl ^j*!*^' J^ 5 ^ 1 A *^> J* "»-b>-_pl" 

^ lILLJLs to-b>-l j o^k^- Jjij ^J-p A-S'yLl Aj^IiJl 01 t-U^ Jl Lj_i AJLil a_-UJ-I 



SL^Jl L-. 50 



-L; i .i0.4J.lj o jaili 4jlkjLLi -j* u as^Ji $j£: AjjjCju tLlaJl JIS" JLi! .eiljlj U 
.4jJU 2Lolp 2L«JM V (»J /r* J - Lj*~~i* tLflj lJLl^ {l^jg a. j »So i_i »_* jjii (Cl 



53 io-Ikp- 't>j^>- *-is y (.^Jo y*£- 



4j.iL> olJb-j (c*J ttL«->Jl tLi-Lf- CjIjJ <L»-*>i \jtJS\ wi j_* jlS" -lij -l-&~r! 

(ju^lji .CjLb i>- LSwo il,y>«j x^s>dj * \ j ^tj tU*>lpLij i ,, g ..." <L«_~jiJu SLIS t^p 
^ll aJjSn ajUJl ol/" ^i iJJbr jJy Jst jS^j" (i SLT^I tLje-Jl *U^ 

c-jL^>I 1 1896 fls- (ij .cjIjJUI j^ j^PjJl ^-V* uy JUaJ*^ £^>y ij\ LlL-l 

. f LpVb *>U^ *iaill SjAJi Jl aJbJbr 4^> 

a^l^j. ^Lui^l isUsiii [Henri Becquerel] Jj^jjSLj ^^ J>\J^£\ J+\ 
Jjl ^ .[ii-iL*»-» ^L^iJl tLiVI uJ'LiiS'l V&j-«] <LjJJj^JI Sj-Ll!l -Ip <UJL 
Wilhelm] /r>^ jj p-U-L* <*-«— 'l J,L^ «-Ijj-j f U d-*» 1 1896 f U- ,_y ^jLj ^ LJ 
L. c~ji> ^^Jj .2-Lfc.u ikj-")L. J~^»L«j" bjjl *L>-ji ^ aj'^L.j J,l [Rontgen 
sJLg.S' j^>JJl j»ji: /^L <^~»- '.lf*Ua*J LLi£ lg— -* j' - °~^ «jj-/? J>ijl oljl 

Jaii -J ^pLiJ.1 OjLjI JLsj ti L«Jl L^iyu 4_^Jl 4*-i*>\J aj w? Jjl oJla c~ ilS" 
j^v» ipLis ls- O-ij.L-J ^J> tAji^^ail IsLjjVl ji ,*£>- Jj 2L<JbtSl iaL-jVl (i 
oLkjJUjj cLgJ l!.,./? -xj O^l y>- <_— — o. <— *l ,I»sl ,^ C— L>-^ jy>\~~~*j cj»Uic- 



i-e^Ji Ll, 54 

SJiLi 1p ll^p ^>«-*j Ji?-V -^ .Si-iUa^ (^a^ <U~jiJ -yj^ijjj i_3Li^S'l jlS" 

01 Oj^ olj-u.J y...>.,Jl Sjtity 0j^Jj^i.-j I^JlS" tljjsiJl sL-U- 01 0i~^ -^ 
jiP A*JiV »-i* ^.,^2" ^ i UJl j>p o^jy>«il oi-l> <p>- LJl f- Li 01 l*j -^ys 

.^— iJl (Jjij ^^1 *jJaJ( j-« _^ail - 

fj» 1 1896 (*Lp 4j1-*j ^ [French Academy of Sciences] "v-JyiJl j»jl*it 

L^ t[Ecole Polytechnique] "eJ^jcll oUiJl 4_15"' ^ L^yS r-j^ 
JjJ Jij t[Academie Francaise] "i~^yil\ ij:^\^j\" i jJop lo^iS" 01 
Musee] ^ysrt^' fnj^ <J^>^>" ^j ^j-iJl <^J> ^-r-^* j^~^ -^ L°-*-^>-l 
.<uiL. Lk?- LfJ^jj} ^icju<-iy» tojyi v— ijb <jy>-j . [d'Histoire Naturelle 

\y\Z Xai .lllJlt \jJJ£ J^-~i 01S" <u-*j *>UU- i]L* 01 j>p ty^l *LAl ^ *>Uai 

013^« ^ x_^9jj J^J- UiL>- Icj-Ja ' g . ■ ■ a i *Uuj /-« Cl-juj tJjJLtJI ....o — ^j \ f-y^SJ 

2i iiL» A-iljPjj 43 rCSji* i Ljjtsi? « « '(* v.' i o~^oju (_^JJl) *j^U »JI J iJlj «j 



55 J-o-JaP 



j*" £fy '•J a y* 



Jj>rji i7*j\jlS\ Jo~*j>&. f U aLU oU-Lj JUjj .9 \*-L^i\ A_Lp k.,t \i ^S 

i ■ ■>-; '" -■.-•'" .Ai ^j-jl jjj Jp (_£ ji>«J (^JUI jJbtll C-*- 4,5 4?rji! A>«J nijl jl 

L* ^ Ja-iJ.1 c jJbtll VJl» ji rt^U-l IASIaj .4^jnil 5ij^Jl jjP C JjL oljIJU^I 

.<L^— Jl 4jtA }fl jJLa* oJk c -K-iJI Ajuil 

jLii^V J^ j* iJLft t ^5C i *L;V .fjJJb ^-jjL; Xli ji «-Li JaJ-l ji jjp 

;Ol^JJ c£Jb-l ji .rj^Jl ,> Aj jL4 f- i jf ji VI Jj^j^-i ^4 j 15" Ui 4 ( _ r ^_jjl 3*it 
iiJ-1 l$jl>»« ^ \f.» 4-b>-lj r- j>-\ tSjjjiiil ~<j>\j£-y jjill As^jIjw A*">L- j>>*J Lc.j 
»Pj -L^y^Vl (c* '— ■;;■■??" A>«J_^£jl 4-L» j\j fjTjJ Aji J>^ ■ t g •.^■;.o >0 f 15 J ,♦ T»ll 
j>P -LiJ f- l*-i^(l ^-4 f- J » »Jlj »JI jJL*^ ■£, ,_Ui9 t /r"- 11 * ■ •*-" AaJjV if" j*^. r *^ 
I.'.;..,.* f- UJi^l -j>j i .a^<L~^-I ajjL*-$oI jljil i L*i i j jLjij aSL^-^JI aSj Jl 
JiJ .A~~jJ jjuil ^ L-IS" cll^j l-LO^ iLi Jj <i-J>jJUl j j, lidi f- jjl ^ ^j 

3j«-iVl] -^j* Lt J5" ( _ / di- jjoJ ysj c Les rayons uraniques Jj^^SCo »L— 
(Jl unique i-aiS" f-» l f , \^r\ j.ass.~j j^*d\ IJ-* ji j-^j <^-~ > " ^a-i^jidl aJIjjJI 

.[.iyLJl JLiJ 

.a Jli 2jU»ii^i\j fj>- ji (i j Jjl AiLiiSb f jJ-*-" A~C_.ilS> jiji^^ri A^ uV" 

j_«-^> ^^L^i jl AajIjJI *JL}\ ru^j i -^j i j c^LJl tl^iJ 3,,,: ; .Jl 4jtiVl cik 

fe* 9 ^ - (j^j* Aplwaj .<UU)u (J,! Lii>-lj La«j cJjjJsSv-; djjS^i *jj ..V u «lUi.U 

SiLii* Aj^£ JjjjjS^j ^>»j i c/>>cljjj lg a.trS'l ^Jl ^LjjJJ^Jl 4. : .;.^,,. 'l 4juiVl J *>■ 
^>^Lvs _puJl UU (J^-j .v>Jfci jtSl Sj^pr^j ^LS3l (JU- s(^j Jl ^-aWU a^p^J ^1 

/jA Juu) (Jl (_^*jj jl 4^jJUj^-JI ,«->-J ^ ,^-J AJI j^ .AJi" 4-bJj>r Ajwoip ayfcUj 

ji «jj oie.j^-l s^i- (j\ J>j*j j5y (I . Jj^^jSL; f LgJl J^i t aJL>- J. I 4Jl* ^j cdiii 

. j-»Vl l-i-* aJU-Ij jZ-T^o^lS* (ji iJLA ji JLj i J CAj ^_jij 

Jl IOjJj£ caJUI A1.JI ajL^j ^^ 4L0VI Les rayons uraniques l-»-14 {■ 
CJl^" AiJ .Uy aJ o-J^- ^5y jLsf -s- *c^>v C-J15" SjLi Aia-L> lg_i cu^p jl 
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LjU ^i> LJyu cJ15" ^1 t[Marie Curiee] l£jj5 <SJ^> ^ aj^AI o i-* 
._^jlj ^ jy^j- 1 -* 0"iUju Ul^ji jl5" .[Maria Sklodowska] iSLvi^^L- 
Lf^-lj LjL. c. WW ^- t^j^Jl | *SU-l jy ^J- ?- j J iilJjTcJlS' IjJjh jVj 
Ljj^j oyL^ .^1 jl5L» i L_^j_^- ^p c~>^ [Bronia] ^Jjy. U-^ ^-" ^^j' 

ll_£jL» t . . ,.. .. i yLll L&Lo-» Jjl tbjL« cJb>-j JN>" i/ H— ■ w'l <LvljJJ r-ojb (J,[ 

j^p .^.j*J j^Vl 4jjJ-I_) 4~kll f jl*U v__~Jl tj^bdJ %^>i ">bli 015" lil t^yj^l 
ji-j o~>-jjjj cJuli .cjjli^-l (^JJl LgJLi J* c iLi cA.La,".,..J>l « oJl^jJ! t(jTjL« jl 
j V Ijjc^-w» j 15" cj\y^> jUJj L*j^j *bjJ 1 Ip ys,j c[Pierre Curie] lSjj^ 

c_ali t^L^I jjSo.) yt> >y^\jfS\ jl ^ Jjjj_j$Lj sYks-\ l^Jiytj jl j_j:> 
u! j-*- Jb- Jlp «jiLJI_j JuJLiJl c OiUil 9 \jj\ JSJ (tJaii4 ^^s. ^Sj^ c£j^* 
.5j<_il 5jI ^-UtJlj i__*JJl -_p j-Uaj i . SJiU Ajtil jJLs^i c—JlS" lil L» i_i jcJ 
Liajl IJL» m^Jj ' kji_Pv. j^> baS" (2 U.-.; fjJlj 4_Jl jjbt» JS" jl L^-iLiuiS'l 
jj~-i j-bw] -UL-i^Jl L.) .j»jJljjj Ap <_£ *i>o V i_£J-Sl iC- ;LjX-jjVi j-bw jLi 
j£\ Lk-iJ jli"4jl ^ t %ti Ua.tl j 15" Jiai t^L^ty ^Li-I fjJljjJl jjj^ t[,*-*\ 
U> jJiii (ji» 'L^jb« oL>L_j>- c— *li isLiSvj oLpI*JM j 1 -"; <*!*>■ L» _ i_~>o L£ 

j» ijjl J aji ijp tL—il <t«-l t4P K*0 (_^ )L» C— «iSjL>- Lo— 4 f jl ^"-v-l i , J o*jl J «Jl 01 al>ti 

. Les rayons uraniques j-Wi 

Lrf?UlJLj Sliill Soglb j»LiJl i j ^.J..ja.ll 4jjju<aJl U- ^ U_^ <Sjy> Jl jwb 
4AaP C-SJti'I .JlJLijJl /^ iiUij^l f bci^l j^La» i ys"j^C^\ ji Aljidlj 

■y, Lskjt; ti_Jj j«il cj »^ uli jv^ip ( wi>*!>b>ii~jl ^j cj^I ^ijI t JL^^^SJl i ./jail 
iJL» jl \j>t.::.:.^\ tlla.ti -^ i 4^olJ Oj-» jJl jl li^ La^jVj .3ia-i-Jl bliJl 

.JsLiJI jJUii-a , l>wO t4J U5-Lv2-»J CC-» i^jJJ lljL a -S L^jLJU^ tlJjJL>- Ijv^^P 



Jb jJrt j^j^ 11* V>— J \*~JS\ _j 1 1898 Ji^t ^ ^-iJl a J-* ^ b£ J j^ J 1 jr^ 
jb" j^LS- Jp "}\j:> t>b>- j tl g ■ — Jj 4JL— Jl ^ .(_£ jL« ^Ij W S...' Lc -SJ tj» iJ JjJLi 

Uo- y_ij i di-JJ>j c<»jjjIj flL«-v^l tj«jjjL_u JLj) ; <i.S -s»^»ti^\ 4J_o_e- -s* ttJLs 

.^1*^1 J?UJI :%^>\ Jj^^ri LjiJuiS'l jli" ^1 ayalku Ijujl^ lU ULI 

«.Thaler <l*J^I ^1 J_^ g^JJlj t :LiliSh ^^UJl dL^> ^ l^J^b^ o_«~b^l 

^p a^UI LLaJ! /^ jLL>l aj^p ^ (_5j^ jTj_^~ '(jVj-i 3*15" J| SjLgjJi ^ 

->-U>-j — V» , ., L»j1«j c<Lp!jj^ *j>y «LlJLu jL«Jj»ti_-j Lio .* «-Jlj *JI ^"^^ci^l 

b>i_«— u ^ff (^.i^Ji ..SUlI j.Lj| t>- 3p^i_4 bfcjil *j i] y L-g.Jp jLS" • ;>_-> «iJ 4j 

<_£jb« c-JLb t o- S"b« 4—-^ '■•(jy^ ~b*bJU> i« .rj r^^i i>waJlj jbjaJl jL>-Jbu 

cljCLp Jji>Jj c^-j-ill Jl^j fVi-l j i 1*1 1 ULL -^ J^r'j^ is^J - -^^ 1 ^JJ^ 
jl»^ j»j t^-iJl jJojCj\ £\ y ry Ob«\y>- Jl j-ibtil o_jPj /y oL«\y>-jL5Jl 
jy«l*Jl J*>U- .fjpl^Jl J^y /y >_ipLjaj ^T 4Jb* LjJji>Jj AjibJl SjUaiJl «Jla 
.-bJji-l _^ai*Jl Lai 1 3 ,.U? ^ ^oJlwJj Lg-.Jij" ^ "f J^' M^^T ' C-JtJu.l t j«JbJl 
tC-Jlj -baJ .L^jLpI*JjIj rs_* »1> » iJtvaJI Lg-ibuP C->Jb cj»aj.i^ Jl uS y «JibCJ « 
^:./?<JtU Lg-J-P j»b«l fljbjajlj ilkjuiil 4-pI*Jj^I jj>L<ail aJb» L^ cL^>rj j \~>*-*a 

• L^bL» ^ c_5_J=Jl ^ llg-ij c->U^.j (_^y ^ 

O^LpI tJfliJ! ( -<JljiJ1 J^AJI^y.CjIjJ-v *jjI 4j^JL«L! c 1902 (*Lp ^ jJjJ ^J 

^rvi-p <bLjf b» ( »j3 > !>l>ti^ol /-• c—o^-C LULN •p* jLL>l SjC^p •_« LgJl jl lZjj^ t^jb» 

ju'%' l5j-« t[Dmitri Mendeleyve] uJ-bu (^jo:^ «o j4>- c^ iJl (»Ja*il (Jaili 
jaI^JI .ajL'^l ^ 4jLp Jjwbi-l Jl «JbJb>- ^*L>I ^ibJuiS'l jl5" Jbl! .^JlJj ^U 
jjSJ jL J*j SJa^bP cljJi li IJbJbf 'jva^P cli>~ A-j^ SiLil jlS" ^jjjijJl jl 
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Jia-^il j ji jij , S jUi-l ^ j^ ijjl. sji*. JjsjL «Li VI c-iJ i ^ jjil jJl tjb 
,_/»>; CJIS" ^1 Sj^Sflj (JLiJIj ^.iTgjjlA ^j>^t t Uli <u*j OIS" (^JU! siLS^ll 
l/V 1 ' »/ J^ • 1900 f U- ^-jjL ^ [(^Ja«JI Jej^] Great Exposition ^ 
f U yjAJl t [Samuel Langley] ^V J^'j-w ^>.yH\ *UaiJl jl U V—» 
je- *>li* tVjtl jiP dj^i-l c-£ L^-ii l^J U. (Su-^l <iUaJl J-4 ^-Li 

f jjJ^I oi jjP .So-i. Jj 3jU> jjp tgr «jJl .jJaJl Igj <J^U> ^Jl t[ JL4V] 

."3JS' SXJj»- iyA\ CJ15" JLil .<uip Jilia- j&i <ui t<i4V -UP jJJu U . <L$Jl jSOi 
.1903 r U pL^I ^ J^j SjJbr J* U^liLi^ e.^, ^j^T jTj^- 

J>3j .SOjJjLI 5^*UiJl j^i-a-j tjr»-^ LIS" aiJ .Jj^^SL ^jl* «^ aI^L. 
gjjU v»^ j5j jl fl^iiltt ^1 *JL«Jl Uj t aW,v,..H oIjIju^I «i* 4*Js U 
LgJOji ^1 Jbj^l oUa^^il ^ Of ji- .Sli^l o.U JjUJ UJIS" ifjf 
^ai\ Xai .A^iLSJI a^j>-Vl AjcJa «yu UjjJij:. 01S" <uf ^J^T -j> lz~oJS 
<JiijZ :Lfu ^L* N/ ^i Jl SujAp jjLa. ^ ^pIjlaVI l»UdLS jiall \^g.-t* 

^ O^S" IA5^ .^-J^L^ jt ^.^5" JU ^L Vj t^!>UaJ» ji .j^aJL Vj .U 

AiliS" Ji ^jy L. . "liji i^U- ^pljLi # VI i^UJl" jl J^if 1898 f l* ^ >*~p 

^iJl rjJ ^gi jl f jJjI_^JI j\ C_^ljjJ! Oljj iAP J^ Jgj Ja_; j5Lio ^ii_^J 

^UciVI aJUL-" jl Vli JLil :,ly j^l J lyl l^> c-'^i ^^11" ^^ j^. 
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tUl*Jl Jllp ^U- ^jj 11j«-« Ol£j ilL»U-j 11^ ">ULp IJl* 015" AiJ io'UUI 
tfy-JljjJl *U- -^ iLi" c-j^" lij -t 1 ^ /«-"UI Ojill cljjIj-» i Js- \j~Z> ^jj-Ul 
i_. i . .. II ~*Aa£- -jjLs t<LS _» j£- SjcAl c.. ».Jj <£ j3£- s*.'».* l Xf- f-J^ i3JL»b«- « 5j j>i> 

(iJj»v; «Oli «.^-i c^J-b- tij AJl J_^2J ^Jt llaip ij^L-Vl O^^iJl jj\ ?<L>c_Jlj 

.4-aIp _^ai 2^-j^ -JoU-L. Vj^'ij^j c c_.-. . -> * jS- 1 1900 fLp ^i O? 

t5 jjS" jjjj ^^ 1 1903 f Lp ij . yUs j-Uaj ^ UJ/yi .ULiJl Oli cdUi j-. JS\ 
l y>—~i 0! l$i»LiJ jjJLic.AjI cjLj^ ^jj^I^JI ^ -j*^ LCo^^ lxs~ ajJlpL^* Jl>-Ij 
«ISUl ^ c-j^I i;yf cJL*?r AiJ . OLliJl &rj* J,l ( LaJ ( ^>- *ll! ^ ojJu^ ^p 
British Association for] "JjJI f-ULJ 4Jlk>^Jl ot^-l" aJjIp <^JJl ^^^i^Jl 
^ U-^j li* 015" 131 L» JfL~i jJa*-"^! o^-i [the Advancement of Science 

iJIJbl *Jp ^ ^JJl c4jlk!l «.lij OjJli 0l o^^O _p^i JJ? (^jj^ C5j\-* CJlS" 

ti\ SjJJJ j5oL 4LJ .*LJLJl Aj»ji\ tfJS\ jikll ^.SfU jS^ ji tlil* 0^~«^- 

il>r -4iJ.jJ-\ Sj-Jl Jt^jt^itUJtj.SjyJ-l iJLfc J0JLJ ^j LlL-tj^^^f (^JUl J>-^1 
jj^ijij c— Jjl 0l£" .IjlJLjjJ ^i **-j>* i^ L*Lja>l ii^^it ^ Jig..t-U ^1 I^L* 
^U- r^jy^ J! ■ijjij^j 'U- .Ll^»»^j tli-J--.j c^i [Ernest Rutherford] 
Ju ( JLp A*-ljjJJ c^ys^ll oljA*i~il OlSL»; ivaL>- i— -Iji o^jj:. LLpjl« 1 1897 
^iJlj..^.^ ^U QU j^iil gj-Ul_[j.J. Thomson] ±r~»y -^-^ 
^jj* j* j J~^J .[Cavendish Laboratory] "ij^\&\ >>Al" ^r^j ^IJjToi^ 
'V J^-^j Cr—*y c ~^' '*^-U ^-il J-ii .8j^U 3-^y *J c-j>-UI «jjti AJaJ- ^ 
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iSy f*\j^ J? Cr^ ^ 3y\>S\ 2j«JiL) Sijytil \>.y^ ^>.yj\ oIpL*-M jl -e-^-i 
cJUo liSl* . (electrically) [Ltjjj^Jf] ^.j£> ~^yx^S c^L-^Jrl j^ oljLj" 
^ru^j aJLS' Jil c jJ^ s^ jjj^J^I jl c— j' j cAiJJl (electron) Ojj&[ ^JS 
4;jP-L)ti^l 3Vg,-JVI c^^lA <.iSjy Jl J.,?atf;j t«-~ij c-ijil jj .s.>yU oji ajI j^ 
f- jv-t t'J_p- t j-«t5 7 4cJlS' (J Jl A_^L-Vl c-iliLi^VI oJL^j .«LiV ^-^^ l^-l 
<i*j| jlS* ^-~- - 2LxL-"^Jl cjIjLi^l vi~j v^i ^L*^*! ^ i^*^ <J>! ^jj^j'^j 
.«iU-l ftljj^l j^gip <LtUi*l jS'jj - [Marconi] J.jS'jL* ^_*l i^ws j^iJ iijo 

J^Vlj 2^a^JJ\ oL>-Jl iL~z>- ^ JaJu ^jjff ,Js- Aijc^j *jj*j*j 015" 

L>- _« U^>wi iOjl ^ r o.».'U»J,l (_£-b>-l /y» IJlilj ^w4J Jj j^j'lj ULS* jy (J '-^>- (J,| 
1 g ;; il j /S- 4-Jslilj l^r gT. ^ r^jy^S oLj>- ^ -»^oJ<jl t4-isu JL> LiJj> tll^-Lv» 
1 «Lp 4^-jjj c«u~ij j-» UjIj Ljaji jl5" .<jC-LoJ>-VI JjLdlj 0LIJ2IJ 2_l_,-» j-tl 

. dLi «Js _^ <ujb j^ ^j^J i .«jj^f- i^j^ ts^i Lc. L»-i>- J^ jjj <-^y^>- ^yn 
a_Jl ^ J-^Vl cl^Jl JLt IjlJial JLit jl CU>- jtsl l_JlW ^jj jLf jl j^o 

ol jl-U^^I ^ j Lili* jLpjJ Jity JLt -^rji 4jI 1898 f Lp c-Jti t^p^. J^-p 
( _Lp ^£1 ojJi jy*H j*~\$ tcSjill tij^l ,j-« ^»WS; 4JLLI /^c -b>-lj :2LpL*J^I 
Li!l oL_~or Ajjjt cJLb .Lijj UJI ^-pLs-i^l isLiJl Jai UjbU_-l .Aij tJLiJl 
CJujjoOl (S y* 1 iVp^- 1 r 'ikr 4 "^S ^ '^'' >-«— » tLlJ CjLo--~o>- jl -Lj t5j^sij| « j^P 

.iS'^l 4j«j^ 

jSlio V 11* j' j^ - Lc.j ?oU jj^Jl JLt c5 j^ oljiil jl jil IJL* ( jjy Jjk 
jls tll|^5' SJi>^J^»j A-iLii- cjU tjSJy\ jl (j\>- ^ii .L^JU5L) S_*2jL!I jISoLi 
t ij »SjJI d As>- «jJj > 9 j*j jw>I L4 •j**jt*i j ys .ij y>*Ju* jvp • Sljju c-Mj-Ul 
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ji ojjJJLc. t JL>- (_$\ ^J& 1 U i^b . . . tjJI tUjb>jJ j_ptAl! Ja-«.jJl ^ f- ^j ^ 

tlj^>-l ■7t-j>- j (J,l ^_^Xji * 1 5— j yy^i< o^jUJ •_» J.AP lj «U i <_ul «JLvj *-Jaj r- ^j^>_j! 

.Jali Os-lj Ojj^Jl ^jIp t^^rjjO^Jl Oji 

c 

t J_4 \xA>r J,l J>- j r- Sj**-£ y . L^LJ&U 4iy« Jj-V (j-~i ji Ll^> « jJJ! 4j j^i 
lili ol....> l|f -? av> LL^ ^> y } tol »irfA*<aj iiLjSi ^ii ti~>- tlJLSy JIjjoj^ ^ 

.aj"^j «i <U-1L> wb>-l ^Ju,:.».!; UL^-I > jJL Lo-j tijli *->i_JL; «I jL-jj IJl» l Se- ^L>_ 

i4*JLll jv^LnJl^ iJiS- ^£- l_J jc}\ iSj£ J V J~"-i-aJ .i!_^-*o r-y*^ «-^li ji 

itU-^V .y ify~ ~° -i*-JL>- _/^ «w>» .L$-^ -bjil ^1p Oj_/>-^j ^j^j^j j^ ^* 
iB fyjy 'A ^yjy i E f jp'j ^^ !-&-*> j iB fji-^jj A f je^j : f ji-^y 1 ' 

Ja»j -^ Lg_L* ,pj '^* "^y 1 ! °Jl^'/r p J^*^" ^ " 6 ' * i_P ■ • • ryyr^^ j'^'ij 'B j A 

. L» <L4j Jaj o rJti 

^j jJLJ pIjjJ ji U y&j t[Frederick Sody] c?* y* ^kj-hj ~<~^> oJs-\ 1902 
SjjijSj tj>-j3\ L« .2ijL*-l a^jiJI cjj^Ji' t,Usf ix*L>r Ji^i (J,J ,« ^'1 *j s j Jl~£\ 

, g \ y ^p^s.. J-~J r s^ u* ^-^ 1-^Aj .<^~^iU sJjUJI j^p^^L*]! obJ l5Lio 
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Asi\ iJl» J_pOj i.j9-\ l^a^P L. j^S- jy^aj C--5- i^bi-i^l LLiJl J*>UtJl 

3jj*j3j U-*L»j •Jiji'j ^_-*-^> ?-US' Ojuj t'y>-j-« VJ «-Lcw^ol ftUip <cJj i 
'(^j^ ^jL. .a^Jb oiUail ajI^J ^ ^Sj jl ^UjJI 0} OVI 0V_ji c£-ij—j 

\Juj tL*yk»*r *^>«j jj*i V <Sj[JjlS oljJul .^-j\iil C^Jaij 'iJO^*"' Cj** 
AjyaJ »>-J 01 i/ »:" I g ./?»; (3j oljJJl J j>Cj J *Aj AJ_^iJ 4jI ,Jp J~>xl~« J Ajli 

Lii :>ap SopL-j:. ci*-lil .il^il ^ja **ij£ jy~*£ <Jlp J_j»«Jl '*ij^> ~*j~& O' jjp 
tjJUi ^s- . v-L-Vt Lf>ws«aj. y-«-Wl ^ U' c.«.;tl L. 01pj« t 3W.....ll opljiJl j-, 
.k?- V J_a5 .^UjJI J^£ ^ t5 2>- UijL* JlS,\ *L*j4*a OpljiJl a-L* t5-V>-l C-a.^1 
f—ijiu t^-w»! \s.. y~*2i J"^>tjl JOji* ^pIjcAI jvaie- 15 <_£Oj 01 ^it^j *jj*j'^j 

»\^>- iJu<aJ ^OJ ^^Lj ^-*^-j c4JLS.i IjCis- <_$Jb«-l <Jlj>- ^^aiilj 'X fjjjji)\j 

c_-s>«j cloSvjfcj 4,y>-> /t-j 'fl>^ Aij ic^rf i— *j-« 'c£y*~l AJL».i oj»ip <_$ JL>-I aju. 

. IOjI 4JI U<aj 01 }^ i./»il •_* IOj «j IOjjj c-j^^jij 

Lgjt ( Jp5^*JI ^ _^Ju ^S^ -is^i ^•^■:">! V^Wj «Opli '<_?*" J"^*"' '-*■* 
UL><jj 3JLi.i SjJLp <_$jl>-I 15" ^ .jiail L*Ljt« 0Li*~> i—i^-j oljjJl ^ ipj^sf 
clji AjI i-i^ ,ja ^ij .aJL>- ^jIp y>-Vl v_As<aJl ^^io i^?- i ctjJJl cJuaJ 

?aJU ^ ^L, LjjJj y^> 

iv>y 5> JS" (JJS cJ**a cJj J5" ^ Ail ti-^u t Jji ^'U«-l OyLiJ Ji^r. 



lil tAn^^iJlj t-^^Jl lJ_« J,J 3_~J IJl* A^idj <_£-Ul L. j^vJj . J">i>*j^l .J ^: : »; 
j;P Igjl jJLj 2JaJ- ^ LLla-ii J,[ _ / 3^jj^j *j il^Jjj-io <Jjla tilL* ^iJ SjJiJl ojIS" 
g; JUl L. j t^i J^J OV 5LU L^r g; JJl L. (^i ^J^" L^Lor gjiJl L. ?;Ui_^ 

lyjt JJ *LjsiJl *LJp jl5" .J~-Sfl JJr* ^ Up oJl5" cJJJl JLJ-I Jl \'Ja±j 
^Js- Ijiij O I jli3l ^J ai^r jil oljJdl 3jL>- i j'La>-^I j^a^Jl f 10^1-1 iJlJuT 

j*>uji oir iii .ydJ CLur jjiiji jiP Ljjj^^t ii^L, ^ aju^-v» ^ uji ^.^. 

^f. Lr ^jll v;.Jl J«i» tJUi»-^ ^ O^iUJ^I yb J^c^L^/l .WLiJl 

_ iJU-ta cU_jX-« «jJUl (_$uJ Oj^j Ji . l, ; ,..a,ll IJl* ^ ol>j\i« cj j^j IjS^a 
Jij -tljj^iJl fUip ^/^ L^J. J\i .^ CjL>- jCiil ^ya-si ^ 4jjJL!I— 0j^~ ol«->»J^I 
. jUJl ^ f» J > > - i/ CjIjJUI «ilJj SiS'Li. ^^ip ^ii*. j£^>. CjIJj^J.1 eJu AiUai 

flj-Ul ^ \j_\jajs\ L» ajL^J^j 1 _.., ll .' ii-»«j ^/"-Jt ^-^a*J. (Jj 4jj-^ — OjJ ~ 

01 ^Ju IJL* .Nj^i» ^!j*>^-' l5wUjjJl ^i (jliJl OjJUJl Jjc>- ^JJl <u~ «J vr-~^ 
<0l jjp t^*J>- OpljiJ^lX?-Li Liu. cljJdl U-b AjjJUI — OjJ — cU---Jr\ «-^J 
ijjj L» 43yt» ^ L»l r j\i~\ (j* j^Jlia^-'jlc. j j>_^2j t^-Ul 'IjJ^^ sUip c5-^ (_r^ 
iiii j^i li[ .J^-l ^ *4\y5^& (JV^ _j=*^Jl I»aa i 1p- .<o ^LiSl cL>__*J r l «JL* JS* 
«jLj 01 IjlII vi-j»- ,j-« kii^c.^jli il^JLl^L» jjf 01 j Sji (U-b c5y <^' *-* ^^Av 

.olJJL) ojJJl ti-UJ J^kJ ^ Li 01 j 1^5"^ 

fljj^l s UJLc- *Jijt< (C*^! >Ai! -^->.y <u>J I;..a< i^r j* *J^ 'y* (V' (j^2 *-*-^J 
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015" . j^. jJ . ^ . ^ Jj Js- djj&y\ «-L.JJ (Jp ^-j-iJ £ ^jv-^ J! »/^ u- 
t^-L^j^ lul> ^ tUap^l i_>'U»j (Jp ^ ili-i jj.I [Niels Bohr] jjj. j!j 
. S,:^ ; 4**l>- flJjL-lj Jy* jJL4 C-^fl lg->L c JL>-I aT^IJ^I «ry ( jjl caJjvJ |^*W^ 

. Lli^rg-S' 2J iStJU^ -ijLJ^ <^>\_fi L*JV*i l_£-*-" '_/-"* *—Ul O j^Jl »_J jJu»pI 

(j *i (l)LaLc4 d)L<Li5ol «L?rU- .il)j>- ^>»~~» a_jL*j uL>«jjI Jl>- ji d>_^i L»Jlip 
JLajiJ c^Soilll ^ <u«jij -^J?tJ (J^- . *>LaJ -Lil ^ A^->- « <_s*^J l>" l>"^ ^t* • 4 ^r-i p 

ip S - g : * j c^Jjfj cAiJaj 4jL Jaj CjJi^Jj 4J j>u j&Jm\ SJb»-^ Oi*-" 1^ • *".' ^W*"' 
<bU-l obLi&VI (J ^*j aJI a>-j oIj ,j~-*y ^•ij >r til F*!?*-!? <J>1 ^y^ 3 

cAJlx-« i lis Js^^iaAil il)l ^U Jku. i^jui^\ C^-3 'LfJ*' /Jiaj ^ .^7.^7 J 
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(5 JJl ji->Jl j_Lill <-£ j*j jl jjj ^to-p ji i_jLi *_-j i ^^^J aji JlS jl (S j-* 4jL$-JI 
j^Vl ^ jjo V tj_jj rtICU-l L-3 ill~?rl JlS* <bl SJLJb- . otij^SJ^I j^P c- S^P 
^ Jl* '•^•^ l 4^c/J- b -gs :JI ^^ ^S J ^^j slji- Ji»- jUa>- -^ 
ji SJiUrl j^j S-*p^J ■LS^'L^ r ^-r'^--'*'' .-A>-l aJ\ OJb^j jl jj.i Oj^ /Vrf^"' 
,j5oj . . . iJbr «jii* .e «s*j Uoli »lj L« Jl -?-l jjj Ja iL>oLj sLj-iJl J »>- JjJt-l 
JLaJ rOjyo^fT ^ L*Ua»l Jl iJULail SjiiJl IL>-V jjj i_iw3j lJ6vJfc i"L^u *-iJ V 
^ j*t c/ir*" *-- 4 - i ^-fi^r^i 4j.iL><J»l tL^Jl ^ «J^«J>I ^L^J '-^'r JV- 4 *jW^ C^t—^l 

^jj jlS* t^JLJi ^J sLi_Uoi Jb-I tiJL* JLv-l ojIjjJ j^-iJL. Jl jjj J^-j 
Ji.ilp^JJI OjjijijC— Jjl JjU toflJi JjI^j jlS'oy- ^LjVlo^l^ -l^-j-* 
dlB <-*ys 0^ AJI cJ^LaJ ^JJtj <.JL~. iJL» i IIa:.' J,ji> ^f IjlS" j^ oly— 

jl j' . T , .. j . jjj A-* Liu iljA^-t CrO^ryo-p .ijaijij jlj i*-jL*I 4«./}; Jjij . l>- Jl 

_/S"Vl J^*Jb ^ jlS" ^ y* c^Oj^ ^ (j— y ^rJj t^-^iJL. ^ .^jij 
jy_ ods-rj Jij tlljJ^-J ,-^nj i > y _^3jij jli nilb ^ "}Ljai .ljiL>rl ^ V>-*l 
tjL^JtJL. J,l rtJliiil ^1 yjj jjj «- Uai^l tl912 ^jL» Jj-^ .li^-i^j ^J^J 
«UI juJ ^ j^aJi-l I Ia ^jj . ^pbcio^l i>LiJl l Js- ^jy^i\ ZJtS *JjCj ^S Ijy&Us 
.ISy <i»Jb*j V Jlj^-Vl J-iil jj ^Ls toJLjLsJl es* ( j5C i jl 

^j>- tolj^-*> it^tj L* f \ T-?t. »j) jJL) .9jJiJ ^ ; -<"i j L«jlS ^ jjijij ^ * 
^IJjv j^iil ^ JJl) [Gans Geiger] j><~r y>^ ^— ywVl *L»j ^-* J^*i <J^ 
•_« j^So LaJI ci^Lo„ : -,».>7 L^jl ■— -.^"1 -Li) .Lili CjLf-L«-il 4j ia liLc ^U>ej jl t( y>«-^>- 

^_-o->- /-• UjaJjU SJLjLi jijp uLil o>Lo-— »^>r ?t , ,,/i~ <.\1>-qS aJ^\A — _ .^ ' jl L^J ■?- l^-«j 
i 4jl jl , : ,,. j .^_»J^jI otjS .,^5" -^j j>^pr j .i j *»jij oi-i^S'l IJCnj& jl to t>-Jl 
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illff ^AU jl_> *,c>^l i^r^V j**^ *J^ ci! °Jli^ ijJJl J_p*i tUSl J*}b^jl Sjb- 

,2jLi>-l j» tj_gj\ s j-b ji^S" Ar«- Al <4— Jj 

-S' uiJJi * <■{£ P~\ C-U^l ._a.*a\ lx^ SJLaJ oli »JuU J>Ss_JtJ -*i LdJ\ oU-~*J>r 
j-L-jL« C— Jjl 4_o_^/l c-bJb^- i )Us« py^T \**-^> /*l* l-Ov.» .L^JU «Ss-4 i— J j«j 

^Uil jj-^o ^ UJI oL^w~?r UJ jIW ^jjL4 «.Ij^rlj t[Ernest Marsden] 

cV^UaJl ,i CjLpLJ jJL*jl«j f^?r tj-^r .^i-Si 4*jfc.i iilij s-Jj-^ W.tJ 

.Sj^iiJL; 3ja^>J.I 4jjjjL-jiJI c->LiLiJlj Uli 

JjLJ cjL>_— «ji-V cJlS cd-5jJI > **» » ,J .<J«Jj>- jl*Syj L"? jiil 5 l-Jj^o i 
cLJl *)Ui UaL^I joJ UUJ .i5U* ^ f. Lp\ j}LS 5iJjJl i-^JJ! yti^l ^>p 

4j\ jjb ^jy j>«jkl L>-U U .bjJ*^& ajj! i; -^*J' ' -J^r' iV* (T Z**- 1 '- ."**: '^jj r° 

^gt.tj Li'j . U>« SJ> ( ^-r*^ Aili^Jl j-« iUJl J& olw~>-l J-*-^ ^' ^^ j^ 
Jii ( _ r J ajI . .^L»- ^ s^VI o-U-f 11* 015" jlaJ t U>V Jli o3 ^j^ijij jl 

Sfi ,J*J } THr"** l_T* ^-^Ua^ J^ A^s t; 25 \ g i - »^- SjJjJL» (jliaj jl /w» "*-|l -P 

.i ftJUl olji /^ APj^si Lfili iJJj _4—aJUI iiU^Jl Jfc <3^>^jJl A^Uai cJlS" 

Jljjj jl UJI *~~*r *-*<_} ^ ( _ r J «U jjP totijj^jl ^^Ip oljJJl «JLa C^j^* 1 -X* 
-jj o^S" •_* Jjy jl *i-L« SjjjJi a-jjj (J O&j U j-LiL VJ Jj^r^i /r* U^^j 

i 4Jl j^P ti;L>-^l /^p Clc oJu>- e^Si "^-v^l ^jjijij (^-XJ cJlS" 4Jl T^r^i 
^i^^J ^iJl UJ^ oL.-> jl ^ .^y*^ -^ VI <u>^ j">U^ aJI^JI iiJl. yxJ^> 
■jipl L-i '«-(c-^l ti-i-J-^ .U>» jii>H J-SjI «-(C^ 1 (j*- <Jij>^i cJlS" oj^" Uljj ^ 
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4^15" *JS*s*~j i 4jl («-f-j) 3jLiSJl_j 2JLSjJ| sjiJl ol^j jj& 1 1911 r^-f- ^j^j^j 

.(jui r uJi ^ vi "si/' 
jjp sjVj ^p- - oy^y\ i.u jt. ^ t 2uJi*]i jj*Ji oUsJ- ^ y&i ^ iSj 

3jj*j3j J&j ^ 1 1911 f U- -Uc- J,jj frU] i .tjy j&L* J*i jj _5jjjJI «.L^-aJI 

el «Jl ■ij^rj J ♦>■ aj-j^L« jl c^^P aJ| ^jP J^lii* jjjijij ^So i .iCJllSl a5 J y. 

?4j /»^aJ jl Lf^c. ^ JUl L.j coljJL Lfi*>lp ^i tl^wsj^ L. :»jJJl olijj^J^I 

OjjIj jjJL>- y!jLi>j j-» ^j^ijij Jj-L—w» jlS" cjl-~ijl« ^ j^_ jJLj j^i> ,jy- 
oL&l ^j J>Jcj jjjb JIS" -j^kJl -UI j o-is- t [Charles Galton Darwin] 
ajjU UJI IgJl .5-iv<3 ioL» jjp Ifcjjj^ *L^i Lf^r"- LiiJl oL..,> 1$j c->uajl J| 
ti_i> j^j *J fualjl jJu iJ^tJj t jL>- jl ,< li?»* ^ .a ii JjjCi eljJ c_J_ i ^aj ^jI liUb 
kLjujs ^l-Ud> iJU'VlJ- jj^JjJO IgJl jjb jjjlj ji**»ij L^V* •^-*" 9 JjLLJ jl JLkj 
^ «jow JiUs J-iiij LgJjt?>j 1« cCjIjJJI ^ eJ »?7jll olijj\>J^I *.* 6j^jl*j 
Lgiij S-°"y ls*^ ^-«i^riai] <u_gi l y~=**zi jl J>L> jlS" caJl*jJI eJLfc ^-IjJj .a^ Ji" 

.oljJUl ji Lg — «J oUjj^J t VI 

r- Ij^Jl SJLHj ^_^£ C->U jj\>J^I jj-. 4jUx— i Bj j IS" Ji 4jl ^ya^Lp J^-ij J~*»j 
JiiL^ ^j tou-ai^.1 ^ ijyjij al^j -L>-jJ .(J^Jl ojJJl (^> ;, " J-^-^-^'J-'tJ-' 1 -^ 
oV-l*ll >c* Aj^iji 3ijUi* Ojjb JjL?- Oy>- l j^J -L* ^^^ J^' »-^-J iJ^ 
iLuj ^Js- J*a>- ol jll (Jd^i ^ liil c->U--«sr Lf«»_j CjLkjl t _Jl _j cLg^L» / jJl 
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VyjS y jl L$-ASj t^Ljjl Wji ,»."ll ^ <_-9j\*J !LgjUL» tjy^S <U>- J ,1>I ^ jjj .U^*- 1 

Ji iJj^JLU lAjLl j\ -y, ~^>-yj jy |jj .ojy^jjJ i^i J?jub 015" L4 jwoiJ ^ 8 jj-*-i 
^j^il <_£ JJl j^tJl ^Js- 4jj>*j £yd\ ( _ s Ip Ojili j^SJ i olJjj^J^I Ol ^ JyCj 

.Ojjbj j^ 

i 

toUjj^J^i J-o^f r^ji <i\~~j o i SjiJi ^U- jycj ^1 jjj Ja^-V u sJL^jkj 

0-1« L 4jy>«-> iij^O V Ojj^J[ JS" 01 J*> _£& l-ifx-»j .oJLill Ojl)l ( _j^« f- jJ jif- 

. .SvjLjI ^Ip «ujIpI LgJl j^p c JL>«JL! -Li^ ;3j ws 

«uJai-J U JS" .«JjJl>vIj ( u*i ASUaJl ^ jJi (^L ji^J O' c^Ujj^J^I jj^-^- 
ciJLo 8JL4 j^P UJI oL_«s: jj? t jy>- .L» ^ UI "*S"' i_*IjwsL islkJl ,U>- j^ 
aJl* jij V[ Ui^Laj ^jJl olij-j^sJ^U IfiU» jf- ^^U»^ 01 ^Jal— J V LgJL» 
*Jai~~j 4jl ;cJ»jJl (j^*j 2js-Li»l Jju. ti_LiiS'l -iJ jjj 01 c^i^l .S^oSol jj^Lill 
<U>j cljjLs- .IgJ^^p- /-« lift C-)l»^-". -> r Lg-i fJa-J (gJl AjuLSUJ Lsiail Ijj-^aj Jbu 01 
^jjj ^ff j^-Lp.jS" (J,| ^j>-j j»J t^pijJJ li>M J--ji cAiijkJ LJaJa^ v.^S' t,_/»lj 
OLT (jy>- ,< g .l fr oJyJ «.li-u^l c~j^I t[Margreth Norlund] oJjjJ i -^~i> > rjL* 

.jjill r-j^ill 1-LgJ f-Uj <*Jjv>- (_£JlJ! ( ......Jl jjti iJl* L*jj ^>- lli>- JJ» U 

Max] dJj"^j U f-5"L4 Lp- jil 01 ,3-— JlSJ .oOjJj^-^jSJ i AiUaJl *£lj>*i 01 tl~*-*0 
j^>u dJJ>% Olf o jojip ol j^J . Uli ^iii^ JL- ^ ^^ . 1900 f L* [Planck 
pjiyj 2l»-LJ| ^L-L>-Vl 0i iJt-^r i_Sjy«II ^ 015" .Aiii» SiSLi^ U- i 4^-uL 
(J,l j*>-Vl j-«^r* t?-*j jj-* - « j-*il OljJ si jj-* ^LJL- j>p L^J jl_/>- c-<uijjl UJS" 
^li .jj^all iVjjiJl *j j~^i tjJJl cilii-l tijjll - (jAj.Vl (J,l ^j— o-iJl «yLv? 



i-ij\ f -u. 72 

o\Jb- j Jl P- U_i^l Aili» »-~Ja f _yi jl t^'Ul l5 1p viJLi ji Oij ti^J-i^A-e J jU- 

■^3 jjh IjSjb ,t_jL_J-l lo .,.*,. Tl «Lvsljj 4l~>- cSj-" ■W~»j»jI oJL» j jSo I .Ojjt^a 
4_-Li!l "^>\ij\ c_-JL*Vl f IJb^L-l ^_5^-J 'yr^A 1 ^J^ ( J^-i -Aj-^ J^-*> _>! "^ 
i <ul jjP .4Jj>tj -*L»*il j «j Jcs^Jl aLl» (»-'>>- Jl a^j./jll <UiUs lif ( jaJUj Ji 
■jSJ « '—•/»- ■--'» - fl^t-» il (jliLil -jj (j>-f -^ .^tt-j-il oJLa i_i-Ai jL*fi A ^i\ t^^-j 

.LaIo^I L^S" t[quanta] ^j-oJt ai.* ^ -^JLiiiJl ,-y> /S~<^i )■ 4-il 

JL_ij >»jL 4_-Ll!l «-Lij-iJl ^ jj>_« iJL* ^^-J .JaiUJ»! p- jJl -^ dJ-S%. j^ 
iilkJl 01 ,i jUipV ^aij -^ .j^r-Jl l-i* ( ip 4_^JaLjo.j J ^il obrjll iSli» 
\ji^j- .ojjt^a olwb>- « ^ "V| -A*r *J V tb 4j -At>- Si Jaj t 4-... -Jr» bin « i-fr>J I 
J*>o SiUaJl jlJUtf J ^ Aplil /»L_^-Vl ^-aj^is ^^15^. U iLi 5^j jl Jiipl jJJJL! 

CU>*Jl </ iijU- bj^>r iilj%. JJb aJUI oljl~Jl ^ . ol jj-^aJ j-* O-^is U 
i ajI jjP tj>ijj i .Ajtk-ail 4ai JaJl o-L^j SiUaJl j«-U^ i_j *>-j 7^-^ jty 'f 

tj_^j _^S"^J La^j tdiJi (^jip . aJ">U-j ^^-fr 4 ^^ »^ cJii iJLlP ^ JSy 

O^SvJlJI V 5Jl :; v9 (J;;W" -Lj i . ji-^JU Jil L J^i- BjvZ>\s-~ AiUajI ("j-o^ o^S^J '-1-": 

,-LjL» 5- jiiL» 4Jl Ijj 4Jl j^C- . Aj>- jJu. -L.a.-»- jjy» i^^ iOV^ 1* '■! (* 
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ibj-jjj! -«jjJj ^ jO jl aV-P UI*- 1 t4joL>-l i Lirisi «1» V.s>: * jjj Lji ( -,-»-l g :;.S 

oUjj^J>U JuyJl «Cjj^ cJlT lil L. J_.j -JL fl/tfl J^f ^ .^JJI Uk! 
IJLi lJ^ju V <*jL *>U«^- jjj. <J>ji&\ .(j^rjj-L^Jl ^ ^JLkll is^k^iJJ [Balmer] 

[Joseph von Fraunhofer] J^jjS Oy ^mj_pr J^ 1 dlLi!l ^ Ip l5 -a£ 

i^>w~ilJl Jl j^j-S'I y tOI^Vl ^JiJsOI Ja^j ^,^-iJl y *jU!l (._jJaJl ^JiJa 
t U?- V ^JlJ^I U5"j .AlJjJt <lS"l-U! JsjJaiM ^ oblb ^O^ .^Ua^-^u. \jjy 
^ a\j L» x-4 I g : a ijsju Jj<}'" r l t^jLi-a 1 U .U-L Js ju 4ju>yj\ * i>tJjl OuL> Oli 

jviif- LS O' c .< 4JuJ( ^ iA*JI j>pj . «up »5>-l ty SLJ,J , *— i-^ 5 *^ L°-^ 'j*»- *JI tj-Js 

aJoJs o>L>- »^ ^ b ^aJLa^J 4-Jaj^P AjL^Ijj jj-^J U «-i» vJL~*-jj if 2 ^- <J^* S 
jijUap s o-is J i<L-JVI ♦—)! a -oj>- S3jLJiJ»-l j» jj^j-^aJl a yL^» : -.aljiM a-iJ^ 

«j_ja ^ JajjLi .Aju\j 4 r /3.->«.JLi a1.il jyl^- 4->-jj *l~«-SJ) tLjjJ ^LJail C.;,«l 
iUJLp 01 j\P .1 g : lc- (_$ y£- ^jI ^^LajI Si j«-« *_gj ^-i c— io tL^Lw»«— «J v Sj-p 
d!L" <_£ j-" ^^^ ^j <^~>v ^ c^ljJJl Jjc>o (_$!!( ^-j _JI ^_$i ^ Ijjj^ 1 *L,j-jjJl 
■>L^I aLo^>J>I ajJJl Jj A^jj t5j*-' **^-« l5j-° I J-* ,j>j i j toj^Aill oIjoj^JI 

..LpVi ^ j ^u. 

aLj^o Sjjpr aJjLim oa^^_-l 1885 fl^ ,_/ .[johann Balmer] J.^. 0U_pr 

^i ..JljjJ jjjJ (_5l j^Ja^ i il tilJLf-1 J* Jy?- 015" IJL* 01 jiP- .tJ^-jj-L^Jl 
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■^J^^\ ^p i yi:..c~>\£-'L**Jaj J*^>- 'jjj. 'M fli L. k-ia.ll a^-j ^^lplJjfc^SVJ 

Jlp oJL^tiv-l aJ 4(jylp jl *Ip Li t jjjijij jlff lilj .iLU \j^ oljk>- js^ 
.aj j-Ul «Lj-iJl JLp I L«i! j VI /^-« ->i jjj. >Lj jli t^jj^l tbj^jLll 

J *?- i S I «SOI jj-^j Lo W yj\ vilij i jj-^ l-^l f'^'j l-P^*" 1 "* OVI jj'rt~i jy 

<_->JJr' Oli cA~*«>-iJ\ 4Pj^j>«il e_L>-j ^^ip kiUi oiU-l jl l j i >- ^j .^^f^o-iJl 

jl jiP . OjJJl ^ »lk:ll ip JaiU^j <L*r jii sljJlj LLL- 4Jj>«-Juil 0->l> j^CSoVI ,ju 

jl SjIjJjl CjUjjOO^I («-"'J ^ U*^ :Lo— <l>- 11« yS U?jvJ JsyL jVI T^-^l J_^> 

.-_jjl ^ 4.iJj£ Aij jy£ jl i__^>*i LjJ , L, is-Lio AJJlk 4jI ( _Lp jyi- 

jl j^rjjJL^Jl «j j i Jyiil jjj^So^l ( Jjp Jy«i AJli i.kL^>j}\ «Jl* c->«-s^ lil 
ailk jJi jiljJ t^ dlLil ^ki jlS" L>J5j . SjjLi. i]^il lf-y^ y iStii Ji-io 
jj^uij ( JLp i_~>tP J>-ij j^l» <^>ri^ J' j jJ ui—-* 1 ' I JiSsJfc . ii £j>*A\ j j^So^l 
dUi J) ^1 dlii Jjj^i j^ cAillsJl ^y *>Lui IjJlS SjJlJI c7 ^£ l j i >- .iJLkU 

oVl>- Jl jiP .AiUaJl J^ 4_Jj jJiJl Sj-Ul JL4J8J caJIj jjj^J^l ^yJj il i^jlpl 

^li- y\\j_ 2JLJl^ r lijl JljJ («i-*5«u. i3^AiVl «Jl* a-J^j l j^ j: . i— ~->li* i k iJ -* ;:j . J • i- 1 ^! 

j^Lvl tjylj 9- I Ur.^l 4jl hai if^ <Lj^>- L» . j y i_jl_JUxSl IJlSvJfc «I tJjJL>tlJI A>rj 

j>» Jp j_ji*Jl lj^-1 'r l^"'"l *ji ^ ,jucj jiiS^j JipVl »jl4l . jib SJiUl c^^ki 
.>-T Jl diii j- oUjjSOVI Jliib ^uil ,J«Jl AJI :^U»I ULkll jJp j^y 
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jijj jl ajl^j i ^—J 4j| r- jj»jj -^j-^j j^ 4ji j-» 4jjlil~-l jOi -^ JiS Lt 

^y^i LgJ 4^a-A>J.I L^S'*>\jT i oL'jj^So^l ^aJ . LiLu.» UjLj-i LlL*l <^oj^_J 

vJU^tJ ji 4J>-ljv» J 15 U5j .di!J-i f jij (1)1 Lpj\L 'U i Jj-IT ililjv» L-.vfT jjj jl 

^jS-JlSL-. ^LJ rjal iljLsi JLjl 2jLa C~~J" JLill IJLa ^j^a&ej <bl5 tjj_i^« 
jl « w7...j i jjj O' jjP i Uj: jS^io r- jijo;ll i^>_P Jju .("^L^dw^a J-A-J jg*) 

. ab"L» ,'r\_o->tll (_9 tl>cj 



> 



Lgjb ^Jwjj jb .»£*- a^j_b>^ C ,»J j «j aji tb-* jjijfl cLJjul /-* -jjjJS -iLP 

cjIjL4^/I ^>^ ^>» / ^ >*j ^[Rayleigh] ^Lj ^jjJJl .*Lj>iJi jJLp ^5 Ajjk; 
l*ii L$J jl 1 ^j^o tL^-lp C~*il»l ~LJJ tj»-*j" o V J 15 t4j_- jyt^— ■ ^«jJl ^ Ali 
«r^il^Uloiipl U15 tiiS'LiJ! aJub ^jip jjSO V ^lil^T^ j| Jj5 f V J, I .J 

"Vj-i jLS' L» j~LL> Lj>«_i jjj aji i 4j1j -jSu 1 j t4JL« j ^^-wjLLc. LL5^>- '/^ j^- VI 

.j>p Jus aJL^P jl SJLli- Mj&j, 

Vjls-« UsjJaii jjj aJI J—jl t^JJl t:s jjijij ry ttr _^-r* v*^' "^ *-^ 
jL>cj^(l e^Ljt) AjLrf3« L» «j>e_JUj ^^ tJ»jia>ci\ jwaiT J>jj5j.jj Jjb>- . o jISj'V 
jjj jljvflb ,^rj5 o5j cji^jjVl (»— o (^JJl t_->Lf-^l JjLLi Js t jJj4^I _^jf ^1 
JLJnJI cl5LL>*^l jl>-»^l jOi 5jx-o l^-io t^i> J^ Jj5 iJjLi 1p jli*JI 
oLLLcJl ^ ^ .^jjjjjij ^_ — -j- a5jJI ^j *J}\jJ$\ L _ a5jlIIj j^J^^^j 
i_j-5 .tlilS* i» j*vs iJU* jl j^Jaj :<Jj-4j L^ie- j>p a jSvi j j j5ji j (_^l jjj Lg-Luji 

^j^-l Jl jjS^ 5jLp- j* Jir-L; ^^j 4j JI^j i_Jj_- (^JJI JJj^l jjj^J^l jji 

i_ij~- (^JJl «-J» jil LL_^« ^yv Jjj^J^/l j? t/'J-^ "J' diJtP i 'r ji Ul J jJ_j 

ti 

i_jjd jl j-Lj ijjj Sji i .2_Jlj j^iaj v_~jiil ^j^jiil I JLa jj» La :2JLlLJl 



j-jjji ia-4 76 

Jsy- U5" i^t*^! J*>UjVI ^ .^ilj i_i_^- <jil\ J^UJl JW-I ^ j^j tl$Jl 

CL~*jJ »_~*~><J jLl>o V AjU Jl j ij oli «jOol jl (_£J_li . <ijJbM |JL* 'I _»j' xi y 

.«JbJbLi SjjJl ^ jcJ^J\ <J&} 4jIjlJ\ ^j :o~>-_pl dlSCiui! ^jSC i <*jf ^ 
t<_^y JS-ij 7- y a^k! JJu^ J^-^i ^. ■■: <■ I jii..~« *>Ll£ 1916 {«Ip^^ ^ -^ 
f- l*-i>| ^ j-6^ «i ji-« jj-i «ji A^i -A-5J . jjj jUrj (J LLo-P jtSi lx-io ^vjj <Jjc>- 
4JL>- iSlkJl J-iLj L^j *^> i_3j-*> ,3 Sij^JaJl ^p Js-t-Jj c^ — JaLi^j^f 
jljjl ^jIp j— Jl IJla L$J L^xj i_3j— ^Jl SjL^kJl ^p JtL_J dJbJL^- .L' 1*6 j 
f- l*J^I oiJs laibtjj c-LJ-U L* j-liL Uli» SjJJl ^"' L' ijLc- i^-—»-! 'c^j'y 

. AI-L» Ojl .>- A^-ji VJT t(»l~;lj ,ps--i J* 

1900 ('U- Jjj->L ^IS ^jJl J^LiJI jJ:> jSLio Jb^j jl jjlyJl aJU- ^j f- t*J^1 

ol-b-^ ^ VJ aSU? ojJJl Jl^-U Vj (J^ V cLjLj .^jjj^JI *uisy ,_jij cAjL-jxj 

i jJJaJ jl "5ll» *Jai~J V Ljj'i ^j«j L» _ JiSUiJl jy aSLUJI i (JyiJl lili <_£ jL*J 

.■u-jjj (J>>ol p j^^til jLjL-j ISI SiLU -y> ,j^>yiS a~*Ju cJ» Jl 

to^p^aJl jl>iVl .J-p jjj.j vdJLj">\j Jj-a?- i_— ~^«i jl^^Jl jUl* j^jJ i 
c-^Pjl AiJLj Aj>t;ii ilL* jl jJ- .L> g ;■»- jll< j^j ii~o^- 2i">Vp J_^>-_^. LJajI ULJl L 

_pJl ^jip f- Lxi^lj «j-iil u>> ASLLJt Ojlj^ O_^o ^ AJI OL^slS"! JLaJ .J^pjLSj) 

c4jLjL-^- jli « .ii; i .lLoJ3-l j *jUU Siuai) ajj-il jlJ^s^ lii /f 01 ,jyCj irt*s>r^2j\ 

i y~» Ai! .«Lkjta a_^»j oyCi 4jI i c-jIj jLo-^-l aSUsJI -y> 1<S ajJJl J}*>UpI JUj^-I 
jjJli cij-- lJ ~J jJLa^-^l j^JUJl" toji~«j" JL>- ^ji^j . J-5 /^ vllli (_jlj jl <d 



77 ? Ojj^/l jyy U^ 

O jj^SsJl jiij ^LaJi^l alyJl J%>JL j^UjJI jruUUS' jli i^^-loLifKe 

(_^V i_r^j 4i_-~~^«j cjJL>o 4j[ _ jocjI <lj i±jJI>o Lj a\>- C-Jj (^i j\jJLM OyL* 
^^j: 51p2jI Oji Jl>jJ- lJ\jyJi\ ysl^kll aJLa jl j_Lo L_i ^-Ju IJLa ,-JjIj e__^ 

(_p* j l_i! Ul " - "" - '^ ! [ ~ r ~^ t <— — ^jLo» L>- jjj A*^»^-VI C— Ui j^>- iCil U-v «Up Jl*j 

I V J j^S" Jb~ Jl JIT JliJ ."jUJl j» _^£jl J ,___, Jlj 4_J| yl jl" J^j «J' 

\ yjs y>u jl ^ j^j 5jJj i__*UL> VL«-iJ' jiSi I 4Jl5" e-bj-ijl e-Lo-Lp Jajtai t«ili j 



%JSj) utt.4 ^£ 31 






81 Aijr-Aj^il 



t[Harald] oJljU Jt^>H\ v^ w .aJjJj j^j J^y 1 1914 _jJ^j ^ 

.ftj j~** /p^JJj^r ^ o jUSsil L r^>*^ W*^' i_l! J^ y^ t -*-£■! J l^LJsIjj r ^ J-*J 
4i>«Jl c^L_JaL>^]l ASjc» tV^jj^j i*>Lil Ja~-_j ^ *-2j ^1 t^-^JJj^- 4jl*L>- cJ\5" 

O» -b-lj t [Cari Fredrich Gauss] ^yr ^LjAjy JjlS" .i^L^I *L,j_jLUj 
aJU- J! jj^oJI OjiJl *lk» Jll* c~«JL^I L ^ J _pr DI ji* . 1855 f Ip ^/jj" 0' 

l JJL-Vl ,<k»* DI vM Ali I -iSj t^jiJl v~' r -^j^ D^ *j* J J* ^"^^ f iDy 
t jJLj J,! jJIjLa t-j^" UJj ,Vji*-« 4-l* jiSl "1IJL^-"j "ll>^>-" ?- jUlI lj-^rj ^Li* 
i(JLp\ ajI J«r .«-wjJl ji" t^p r Ij^j aJLp i^lSl 5_Jj _ji oL-Jabj i U- JIS 

Od>*l!l Jju. /jJJl /i>-i /» 4J 2 J .f-liJl (jia*J J_JJ j>*~' tlls^a>t-i 4^>^IaJ ^jo j*j 
i Lp jjju -b- l JpJ .DiVl 4ila>J V ii^yW <j^J '-"A? ^J^- r»-^ t^J^Vlj 

t^ljl jli> D^" t[Alfred Lande] cS-^V v^ 1 -u— I 4*Jj o:^l5l IZj ^i «b^J 

J j£ . . . tljA "dS"" D1S" j »J r JJ>-* DI Vj>tjJ_^>- ^ -~jjjjl 4JLJt tUaPI ,Jy JJLJl 



i-jjl Lu. 82 

jli" <jjj\ t[Max Born] Ojy L /^^> "<±j^^h U a1$jt ^s- ^jOlJ-j jl-kpt 

4j j>«j <OJj>«JJ j t; f' L»—»' Jj«j Aji j^P iIPj_Ll« » -« J «t 4Js> ilij£ (^lj Oy*" ti*}ual 
tJ;i>- iSy^ J^* J^-ri '^* is^j^" 11 " «^ji^ (^ ^" Ot Ci-^'V jj*-i l«UP UUlJL» 
«_A> (S y L y s ^ > . (Jj-*i Uo^J ,i fl * J-* U» Aju 01 jlj^-ij /jP ' V>rlp LS ^-L*>«J IJLfc « 
4iJL>-l oljJul 4jy2J i A;,.,f?:i + g . *i (_£JJ V j Oj *j ir* rP (* c -r* s '' ^ ol *JLo» 

.oJtA 



l^j .liU- Oyujlj Ai>*< ^**Jl ja iJUl [Arnold Sommerfeld] Jli^o-- -^y>J 

wb»JL) c-.'LJLJI .*Lu>«j JuLs^^—a h«T->-l i/^jJ»^- ^ Cj^jJ— Jl /w» l.i-lP jc-^a-»! Aji 

Ol>J.I « OUjJt jl o^^i Jj^» ^9 ijjjt^a j «Jb»o aJL>- tLjl v-« Ojy>-t *^ij^ *LJ-P 
ijjSsJjl «_Pj 4jL j^j jL?-J Jl 'r jwl t A^-ill Ip j^j oji c->j^Ji ,jv?- . tjyu -'i 
jl£l" i\ r <xS' ?nJLJ *ljk~.l ( Jlp r-i_^o_Jl IJl* SjJi Oli t<e>oy: J_p- ojjLJ ^Jl 

Aj">li> «_>ijij ;ljL>- ^Li^t J »J JuLs^JW Lil^il t. fit yuk Jb . Ajj i\ jA V . . W P 



o 



iji LjiC,^ Uli! jJljUj jLj j^Lp ci^iw. _^J> y*j c 1914 (J *ii-«pi ^ 

j! IIApj Ov- i • ^>y>- /jp ajL^- c-il a^l»" i_i?^vajl ^ \i •Cvij? ' -^ i/ Ojwii 

. -_gJUs «\ ^1 ljJt>-j Ji e^»lll Ljjjl *L>-jl ^JiJ^- ^J l _JL-ji)l ojL>-l j jJaJT /_• 

t_j^-l j"^p| j-. apLv ol^j Jjv LJlil (Jl *Av5j -XS I a g ;■■■■«■' '-^>-jj l^^ai *^5:.»'t 

^ V tV-^ b>^>- I^jU? ti^J^e Jl i-*Uall j^j L ^i3l ^j^»- -^Jj ^s^ 

Lt> (_jJLJ jl Lilit Jj /w» Aji t4iL>r AJj^fLi) jjj Ji^-V .>_jjJ-l *J-i ^J _^pJj 

(Jl C^y»"' *^ 2lL>-j Juli ."L. (J^^J- J-^^ -^^ O^j^o 01 ^j>^. L fLo^-\ IJL* 



83 4ij~~j> jJ- i\j>: 

<*-j j>-\ ijl.»W< tAJuV tljj-AJt J»L»*i i SjA Jjl j»j jj-g^ -^-v »jjjL-« 

^"^UaJ s^j^i-Sl ^j-^" ^^. y^ OlS" 4jVj cJ-«-«-« ^ ^j^y ^ • jrW-Jj^' ^ 
, g»« J-^^J s-*>bj 4jjJ <j5sj i 4j| Ijlfc /^ ij-ol ,0->«-JJ L5j wb»tj _lf>o i tv^JaJl 

2bL*Jl 4-TyrjJl Loj^U-l ^1 jj^ cJU- vl^.ty ^ UU-j eyljJl <v>^ 

oJu>*i~»l <-t~^) , -r J J r^ J_p- <1jI>u\ t\j>r\ ^ iJIJJl f- j& 015" .^jijij ji j>f- 
^1 j^J IfjU t (tlil c^ l$j'Jbi ^1 tUsjjJl ^ oL^iyJl lJUuiS"^' JJL-_j 



uZj^~i\ 1p -jwLjl^i jL—iJLa i LoJfcUai j I JULI I jl«L>Jl jlS" . L>Lj « ^J»ifj 
4~pL^aJl OJiil «JL* jl IjA o'i <jJU> (c^O ~BjiX-^z}\ 41>-j^j <d JL-J .„a-*^J\ 
i -<JL*Jl <_gy_Jj Jlp L.I .(^o^oj>-j bi:> jS\ L^Lil j! j^p i^-^jy^ y 5_lx3 LSI 

.aJL>-jJl /_* ,J,L*j jl5" JLis 



J?ji2J>- ^ J.L; 5JL~Lj ;J^-Ij '^5^ lSj~^ *J>-~z>- 5jLv»Vl JJJ «ji j ^~aI j» 

is> «Jari- J^- « t(^j>-l vJ^Iji t(^j5>-l -i' JiS"- iJLA C^ilS" 4j| njj- ,^jv*r \ \X^ 



4-^1 Ijl- 84 

iij> i^2 • i\.y>* j»|jj»d»*l; * .Al»» J J j v I g ;■■■•>- (Jl 4i»L^Jlj (j>o i Ab 

^ [Albert Michelson] Jj~J£. cjjft ^jJi) *L.jjiJl ji Ip olJu^I iaJIp 

j£Li ^ CJLp out^o" jJ.1 ij^>^ J& yCj" ^yJl ApyiJl ]a^ai~\ jl 1892 j»Lp 

.LLii» li^ta>-l aaLj£ 



ap^^~j ilj>*ii <u\JjjS>Jy\ j y 1J_*> Jl>Js>*j .<Sj\s _/»-Vlj [,-3?JLLfc\] (Sj^^hi 

(.ry yj 15\JIS_» J .'Lo-fra { j^l!LiA 5 ,,.,.. i ^ 1 g 'y»; OljyU L*^«J -b>- JJ a ^Trp 

tU-^iLi AillaJl IgJ^ J>J ti]*>liS r l j>» A-fcLl* V APj^sf .i^prj Jji J^>«J '(C- "^ 

«tJjUij A^-j.3 t-b>-lj C^y^ ^* APj^sf J>J .SjjLsia-Jl A>-j.i ^ c_J*>k?-l *-* 

.a^-jOJI ei* ^Js- (a j t">US iibid iJtAi^l J^ Aili> J*4 a^JI ji jjp .yUo 

_/>-lj c^jLJa-j jjdi ijJUL! Oj>j 01 0l5\^b jl5" lil ajI j^> jj../?' Ijlxa 
yi lili» e£i jJ-p U5j tULiii» li*>k?-l jLihsi li LSlL» l$J Oj>j j^- 'c^y'- 2 
.,jol J, I J.,^a;j ^LJail JaiLl J*^ ^' ,JL * J^ 1 O'* '^ J** $ Ojj^J^ aJI 
diii iJbjfc 0j5o lili .3l>Li^ i «ij tj^_LJL» ^ l-L>-_j j!5" tjJi\ tjjj jl jiP 

tO-bJj>- sJLf-li Jl 2l>-1>- AxJ ^O jLitjJ "b^-j-i ■i-^Vi c£-*-" L* ) iJaib -b»- 1 « (_gjl ■ '■•»_; 

^jfcLL» 7-^^sj j^i cC-<V.iL»i:. ^jjj ^ ajI^jI .oJiidl J^slj^l c^VI-4 ^j cJV 

, h» 4 J*>U- . jlx^l jJLi AJa... ; A-^S" rtJbj (J Uli I Jjb>ijj Aj\s- Cj\^a\j3t\} 

VI A^oi" Tt^ts- J,l A3^Ul AjbjjiJl A^l^pAo Jj_J>- ,^P lj.i^ /t^j i tA :r< JjJI Ajji^o 

LjJl i Ai^kJl aJut> Cog.»! JlaJ .ll^bj Jyyfcjil -^JlpLJ.1 ^ ouiJ aJipL-^. 



85 4J_ ? _-w« jS- s\j?7 



i^JiVJ^\j IJLaJut iijb <jJJj tJ.U.1 ojjj-» J~<**' ^ i»^*j *jV_j -<Sp\_5 s-'j^ 

.L^Lj«j 2. . . a. i JlIj j I jjjoJ^I iJ">lil 2jjl Ja^i [ \i- l jyOJ lili ^_ , ,. a:J 4^>-.j 2j»*^- 

i c^IjiJ! c~*^>j j^- .ajLL* JV-x^I J,l <Sy~\ \?\-b* ^>-Ls-l c. ./?*i 

Stark and] "jLcj^ i]jb_- cj\jJU" ^U IJla i_iyu .\lSji jS\ cjliJy o~«l| 
jJLij^-- jVl rji L» jij i£^ \-f\ . JJj^l (JLp- IfcjLi^i U.j& t[Zeeman 

dil" J) V*J 1$JLju Ajj^J ^i jjj^^l ib\if ^-_^ j\ ajj^ ^jP '^Jy^J 



.4s-l 



i-jjli 5jl* 86 

br 4J*>IJ <ll^ J,ji^i dlii c$i -b-v^ ^-^—i ^ y }^S J—J' ^ j 
cUjjUio <>-j^ J,J ij^j i.^>liiS\ *->^- J,' JjVl ji-io .A^j^SJl jlJLp^L ^-»j 

.SLiUailLLii.1^ 



jl di-i V .iC.JLftJl -^Jl Aj^Ji^. ^-JfH T^r^' 1 ^-* jUail O I y-» oJlff diij 



ju j «jooN/1 j i i_a^j t^j aijij JtL-J L^S"» ^«L^j^SJl -XpIjJLJI «JL* j J .,,-? *> 
?4jL^J| i ^~U aJjLi j^Pj SJLL» AJLilJ - Cxy^^} ^ 



87 <&j~j~j> j±& b\j>t 

L^u^jr.c— «li JLi5 . Ig^ij^—u i ^1 AJLkil l ya^\jii\ cuLSTjJLu 15" «Jlj iSLio 
. [^ a>ti— J V «A-*- aJL^Iij c^p_. a,T.'l Jlp ,,^»r,..7 o JL>- 4JLy2j 



»5Jl Aj^lkj ?>~i2J (J^ v— ~><j 4j>y^£- slSj^^t — jjj oji jy^ Cr^i f 

J,l Jail Ljlkjy. ^ 4jlyj4 Aj^kJl e-bj^iJl AjjS '^ 4->v2jU 2j *"' j! <k i>w~~^j 

tJjUajjJl 4jj_^i?l jy»pAJ tA^^si b>rUj AjjJUI aljJl cujLS' .LJlU L^j-*a?- cIjjjI «jli 
olij Jjlj a^ Jjl 4jjli (^JJl Oj^ijj^ LL^^jl» tj>*2J <b"L>- SLI? j^j ^Lj lis 

U. Jj^3jij jLL Ui> ^j^Jl jS- ."<*J jlj j_jI Ala &jA> ' 4Jlj AjL^j <s J-" J 4^> 
^ ^l" 1918 f^P AjIJj ^ <J JU Oij tolj^iaj" y «j-Ul ^ <d^P ^i J^l^o 

eAjjJ 1 Lp K ip Jlj aj[ J^i L.^aj txjjj.l dj^L-lj Oj^ijij jlS' . 4_L^Jl 
^jJj>- L. Vjj tjM' ^^^ J! £\^>) y^> ^ Ij^^ OjSo jf ^^aiJl IJl^j jjJj>- 
.4j*}L»jJ aJLjJ^JJI O^JiJ jy^Ju i »J>^' Aj. **-s*3 j «j 4^-1 j tAjLai^ ^ ?Aj » JL L» 



<L_i 



^ '-V 88 



«J^jc s lijL-L jL* Jak^ ">U^ ^Lg^S" o_^ Jl JjH ^Lp «.1916 f U J 
Jl J Uii ^ I jl JL^m. .i tUJL U?^p 4-iaij Juu j) 4_»_*^j! Jiit^ll ^LiU^^-l 
j>P- .p&\ iij& JXjuJ 1j^> l _ r — jj Jij^ j^l&jZ J .(Uj^iJir t JSj 
£* y~** ~^?}j^ £* ^j^_ jjj JIS" oy- ^j <.%.j^ bsj JyLL^j «iJUj j! 
.s^LaJI Ojiyj AJ_^« j_^ «o^U» S_?w> -dJ^w- j 15" ttL^JI 

i 

c~Ui *ijj£-i t\JL**\ LLL ^ (J ^ .LgJbr.fLill ^jwsj ^IopI tU^j t^'ljll 
Ji*] mens sana in corpore sano <i*«l<k>- ihJ^^, sj^p *-jj tiJL* 4+ji 
\'j& d* Vt c^-^Jl -vjL-Vl ^? ^>JI ^1p o^ .[^JL, r ^ r ^ ^L, 
^U^jil j jj.ai-l jiJ! Jl. . S-bJ^-l ^ aj^ jliCil c^Jb oiJ . S^^aiJl *lS^i js> 
ll»r ^U C^LU ^Jl 4i/lLl ^L>JI ^p aJj»^. ,J^ JS^_ W^ - ^.JJri 
gLk^ri g* '^Jj^ 1 '^.>UJl Lij-ua^- ilyjj*^] iljJl) oyojl _UJ .JiJlJuT^ 

^ U J «J 1919 fU j—y -l^-lT^ ^>~ «^ '^-J^ 1 ^jA^J '* A ^ 
.<^_ji^ c^IJj .AijjJ-! \^}\ t 5i_o^]| SjJiJl _4j^kJl jt jji. . iJ^LS' Ujw 

^JS\ (11*31^ jjOJ cJ^ uiiJi ^p ^Uai .i_k ;u*-o jtiSn sljjsiJl pUIp 
tULJl jji*^ '-J'J^i J^>- lijkj . 4j JaJl ^gj^ J_^=- ^15 AS'yw iJliSfl d^Ji^ij 

~^i}^ ^ t^jL^Jl 4L.J ^. tcjIjJdl vJy. ^yi OLc^l ji jUjJ^j 
j^p .aj^jJi L^-jJjjOjI jUaJl j^pj (.[Ernest Mach] r- L» c— Jjl ^J^^LiJl 



89 4i_^_~~. yS- ISfr 

SjjkJl .gplil (i UJI ^ JL-L-Vl AjJl J_^ ll~p ^ 5i>Jl ^-il V c^U 



IsL» «i i sLiL>- • jyilsUiJ jl» J*j *• \j^> t_~~Sl _LiI .45" j*ll j vjJUl i___^5" 



tljIJLJl ^ .^J>l JS" O^J! ^ ^>l cJjVl UUJl ^yU o_.li ^ 
^Ap AjliVl SjUii-lj iitiiJl jl ljJL>J jjJUl cjLiVi 3^1 _p-J ^1p s-^* ^jL-- 
_^p .*_-*iJl ULpI j£\ *J>yJL* - jUr^ oliUiJ! ^ip L-^bUij LiL jl diij 
lljij" c~Jl^juvI ^ iaJLLVi cjLLLJI o^L^I jy cl918fl*-<--»l*- *i_Jl IJL» j' 

.La *>\JUi- 2ooJ jl l^-*-i <—2j*t jl J-i 

iJ*>C ^ iJb-lj dk% jj-S'L. JlS" JJL4 J-1-^J.I Iju jy- tl914 _^>s1 ^ 
Appeal] ijv2i><A\ 1 UJI v_ jyJ» J,l o^o Jp l^*ij I j Ju. LpLil Liii* tjyt^Jj 
c^JJl c,_i^i! jUl II* ^^p jU .[to the Cultured People of the World 

SJlOjJI (j^iJI oLiLm» c^JliVl ^waiJl t_-iL« o^Ul tUrjl ,i i_ji^t-vi!l .i ^iJ 
^1 4JL& 1 ^ljL4>U jltVl *&j yj-Ul U^Uill fl>-Vlj tSUliVl SjUaJ-l J 
VhjLJ* V&l j^-J^. ^JliVl cjI^JI j»Li jjfc jLJl IJl* ^^ .ULi Jil ^ I [^H>- 
jjjUa^lll jjjjiill jllVl Jj^j jl aj*>Ujj di-!*^ j5Cjl . LSLj^Lj c^ji J ^ 
Ji 2^L>JJl ^Sj^i ^^ ^ -^ J-j^i tjj&f U5" ulOip^l IJla Jic. \y>Xk Ss 
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IgJ o}\j\ "^j Lfrlp Jb* 1 2L^_> t5j-*> c—~J LjU.1 01 Jl *_^*-J r»-f>i Jj. S^j-o 

CP y t t 

aIj^I dAij 01 «JaJI c4j jj»^i]l O-dl i A*pl4jl cjlS"y>- jjiJ 4.L«i>»U 2L5"iyLiVI 
J^Lio ajPjdl lyL 1 4jl kiJj^j «_PJ t-bu Lo^i .Ajjii .-* L» j*Xi tljjil oLpJL» 
<0l j;P .<lAp ^*jJl ,i "UAj-v jJI aj~oll iojLiSl i_.....,»; aJp *ij ajIj 4v_ -L* 



^a*j ALfclj S-iL^kj 5JIj oJJs» a^PjJl UlU- il*lxJl 7-j^ 0U t<jXj 0J ie^-J 
itO cJlS" JiJ . jAi-J 01 iiLaiJl Uli! J^ jym 4j| jjp t Lilit o^J U, -«g-J 1 
L» J">1>- t( -«jiJlj ^L*Jlj tji[+a£)}\ lSj 1 -»^ ^^ tl^Uaj>- ^->^J"I c-jIIpI ^i 
tiil^i OJl^j Ip_^ i_^iJ! j^JaJ i(1917 — 1916) "c^iJJl *L-i" _. ^>yc 
tA^oL-Jl o>L—jll ijlSSJu AaJ . i_-»jJ-1 JL*j ( j>- slJjJl ^ ^ail i3Lufc lis UkJ 
JIapI ^i ta^JLijdl 4*Pj*JtJl J,l Ai^kill i^ill ^ t3-*iLiil ^_jlj>-Vl c_n^U-j 
.tjJs>lju (^1 i LnJl yL JLo 1 .pLUaP jL»-j ig-^t igJP («-^ cJlS" il/^L^pl j i_'»^ 
aJjL» oUsj^*j SiLiJl i_£l^y aJialjo C-w»y L^J cl$-~siJ .Jp ,A*ly. C~i>- Aa! 

^!/>il ^ &\p^\ ^£i}-3 l~4*£^ Oji OllVl J* i^*)\ l^j -^^ 

j^o 0l *i»I! ^jN-C tOj^-ljdJj^-LiupI U^i t*i«il «-ji^lajsVmL* *-^>- ij 
Berliner J^jy j-U^J Vjj kL>^a ^j c 1919 ^Lp ajL^i ^j .J-ii — JJ SjLl. 
^ ;oJ^p JU- ,jliS[l jJ^l y^ ^-LLj" aji ^ Aii' /jp dJJtAj. jwiii dageblatt 
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jjJJI OuSfl ^ i-U- Ji*j "ij^JA Jjjdl vV Cr* ^'ui -W-j" Oi r^r^l ji^ 

e * f f 

i,\iy*i* y^£- cJlS" t_jji-.l jl iiii"^ jy ci_j^>JJ Ual?- ji-^i'j-' AjIJlJ\ ^ I jJlS" 

-Aju J O^ij . j j.»->...» AjjU^^-^P Lfc^S" i_ji_iJl j Jlp I^T.^y AiJaU- <LJj^" «j-»^» 

^^ju 01 <J,uSn <^-»jjjilj lJjcJIj jIj^VI jj-^. tUjIjji »-jjJ-l o^t^sj ji 
eUUJl C~i«r <^rjUU (i 1*11 Lf^-> ^1 Uj*JI . vlA/^ t^tjl liSCt» jl t( JUJl Jlp 

<up O^Vp^sH c-Silj JujU ^^Ip ^^Ip c1.a> JLi 2L-.-J! ^ i*l*Jl u^wJ 4j^> 
<LoL>- i_., , . -.; sjJaJl tL^tiL) ,jlo) 3-Ji?-'}L« U_*l «J* >— t-H 4<*-^>-U>9 S-^'ilpl «LlPO 

ji ^ . [Arthur Eddington] oy4^ J J jUaj^Jl jJULiH ^i U l$*I^- ( ( _ r ^>-iJl 

CV" j fU-jjJj ^ <_5j5^-oJl hW.t.'lj (_£^5\jL!I j^«j>*ljl ^lp J^f 4jl jS- (.^tjy^A Jt 

0jl*r -s-»ijj ^ «jjI 4JL. .» (i-»- 'UUaAi t jJtA-» J,l ^ L*Ip j?L£- <L~*j- o -»> «JL 

/^P d-U-i-! Ll^tZ* c4j twj j- J! 3^~bJ>-l (J-P (Jj..i?>-1 4jLS Jj f- lUr.J . '/*" J Jij i/ 

l5 1p Jj-aJ-1 ^ AJ^^i <- rr ~>. ^f^ *sJ-\ '*£-&>. *Jl ji*- -<_i u J* ° J r*-*' j'^ - 

Uli! oJlS" i^jVl JJu: J -u^y.J lili-l c^uVl ,JUJI jT^. ^ ,.,„<>:« 

i'' i^ 



c-iIjL^pVI (^ip j^~o c^lii>.>.« 4_s^>»J. Oi 1 ^!' 01S" t*JjJl ^j LkS" ^>-L^Jl ^ 
SjjjJl JLp (jil jj i «oi jS- tAjjUj^L-oJl ^ ylj jlS" UjjJ .AJ^i^tJlj S^jiJl 

CJJ lK' ^1 j ^! C 3 ^" ^ >** '^^ ^ ^ U ' ^ C-^yu" ^Jl ^i*Jl 
«J-jj .j^ Jj>- (J| Li^ 015" -iij <.^i\ lASCfc ji t4j_^-Jl jjp ^Liil j ojIJjJI 

^iy» Li* LfcP - A-i jJl j»Jk^L^. ^i ^j^X\ OLlVl f-UinlJ 11»- j^j jj^j i iji 

(^^Li Jj? -Lj iiljlr— .j^I^u ^Ji.ItC cfjohannes Stark] i5jb— ^JL*^- >_jJj 
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ols-liUl -y* S \& ■£■ jjJUi^l Jl*il _»^Jl ~*ijaj *J ("(^.i^Jl 4— —Jl *!*•" *Jb| i 

. j a'i\ y>j tAy*iL>.Jl (v-fIj-« /^ _^aJl >— ^j^>. tOliVl l^tLail ^ 4j| 4^>«j aJj-UI 
jlji) *> aj^jJI Uli! oli*>lp o^Ljc_-V (JJLj (^II aiaI^I j_j^jL( j^pj a^ r > J J~\ ^> 

A^wwL-Jl oljj Ip Lls^wa (J'bJl (S y~~ il (J-P JC-i-L)l C ■■>■•» f' jji J^-* 1 * 

i j»-»iLi-! ,^^0)1 jo (juJ (t->Jl 2j^^ij jjg^:j -J-^ i/ L?>>-Vl <L»i*JI 4jljL4| 

9 \*S$\ ^jA <_£J>b. ^ oli olJL>- j ,J,I 4ja^Ujl 4jJt-^Jl aSOsJI ^^^ivO?- Jj^ 

tjcJ^I ob>vl ,ja jU>o ^^1 1 1905 4j»>*ll <^Lp ^j • LS ~»^^ i «-»j yf^-" 

4-^JiP Stabil j$j£\ jwzJiJl (J,liJl 0-=*lJI L-JUj) A^a\i~\ 4^;_^jJl AjujVI 2jj 4a— ' il 

US'j . [«jjajl is-j* «j j,, ^y al^Jl <->j^> J-s^>L>- = AiLkJl] E = mc2 ti 1*31 ^ 
oL^-1 U LS ^ Jiii *J\)\ \J\ .aJjIjJI iT^J-l JjL^j oJLiJl o^Jl jli n_iyii 

Ap a jj< ./i 'l SiUaJl ^j>- --P Oj"!Aj 2bjt>- »^i uorj /jP /<-Jl.i JjL! . t «JaJl P y°£ 

/y» j S-^i 'j-.^'l jl jl J>b , ^-JslJuj jSJI p L*_i£>U Sr.tll ^11 ^"-Ll ■> tU>J! 
J ;[b (ii*i <5y -» OJO Lv^Lij ^^—ij /r* 2 'jij ■■■; ui~~-il ilr^ "jl**-" ^*"" (* J^ - 
lj jS I^j^j>- L$JU*j j^Lst» J-P i SJ-iL (_£Jjl ej-jaJ\ Jju O .p- CjJj^ - J -gSJl 



AlH>- t_£Jl!l -oJ^Jilj LjLgJI 7- L>tl!l kj> JsjIjCj tyjaj\ (*j-«-J ^ ^La^P^I jl j^P 
j^l . ^JsLi^jj^SJl JL>J«I ^ Ljj^S'L» L^j Jli^l i^w^ASJl ^>rjil Aj^IijJl 
• j* "^ "'j ' ^jciS^Ju-» tb i-j-oJ I (J,J ^Jj>«j J>-l Lji <.js*jsj\ f *-o (J-o-^ oli coJi ,>• 

c ( j-JLj J^-io b«J^ dJ-l— j A-fJL^ASJl (OUrjil .^Jl ,JLp OjJLiJl f-^-Pj Jl.j.<ai.'^l 
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.«■UjjjjJl J, I JLj^>-VIj HJLaUI e_Jjr i_3j-^ Uj>- «jjajl f J- "-^" 



i^UuJlj t^^-JaLii^jj^Sol S- LxJ/^n JL itLjV^ .J .S.j.f'Tj \Z*>- y> Ai_^> ol y^ 
~Aij~~* jj- a\j^> VI 0^U-*j" c 1910 ^ dii*^-! ^l Lo-i iOj^iiJ.1 •Adjs*^ 

•^j 01 «J baiT «wLj U 11!Lp . i3*>b>- *-^> y> *Xj Ji iJU jj XLA>- (_£l « \£i 

. 4j iaJl «-b uill y <LJb i_jjuL —i jAi\ 



[Robert A. Milikan] 0l£~L. .^1 o^jj ^li 4 ^plSLi i 1 1916 f U ^ 

4^a\jL| ,jwLL>l ilibu." 01 *J *l^ V J^-ij C~jf J ^Jj-isjj^J! y">U jJb ^bJL 

yS- "*J&>-'%> «j l^J iiJu j-uJl ^jip oj^li <JL?- IS" i jJ-J . . aJj^? — jjq£}\j 
.(jo^jjl «-. ^ j:^ 01>-L« «-. JUjVI J, I ?■ ^Jl «.L^jiJl «Lo-Lp j^ -bJjJl Oli" 

^b^Jl -u» 3JLJL5 C^\j.:. .....; VJ J-Li^^—- — jjj Oji Ji^- i ilibjVI (i a:> ^Jj 

CjLij rijtll jtiLa^ i (VP^ ) .l^:g- waLilll O (J f>o L« L^_lp Cj l*rl JliS . j-^*' I 
jy~Ai y jiST-i z» *ij 01 jJ-^ L^Jj- 1 ^ 1^ *Jl^" 5-flJ 1jLj& -l«j i c -jjCjJI _aJ^ /^ 



*^> 4JU LjLjcJI tbj-iJl tLnJUJ ,^-^i <-^~~ *H '^~!y* ls^*^ *— 'j-" cAJLibJl j f j^Sol 



yy ji^ <-uy^ •**>. .Lj ^ [Wolfgang Pauli] Jjj £L>«^j J-^j cl918 
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t Lilit i?ji_- jlp ^ ^i_^JJ "^W - r^*-" iiliij c~^j JiS dli%. (^^^U» j 15" I jl 
iJj^» *JjJI iL^>!j-« i t-jJjjLa jj*j (3 jj. ^L^jiJj Jilat /^ ^Li i>j Jlas 
Lj^ jlS" .^>1 c-ipt ^Jl U-l&l ol>L~Jl J J~*}\ ^^ j* L>^i 
i rcJ »~« 2jt«L>ij jj^^iJI \ - g _I s j| j^p .^l^L>- .sL^V L)l JLjuI Aph J^^h 
jj »jj-Uj '^jLlp l _s^'^ **ij*° iaJL-J Vj p _^-l 3jjjil dilj fjLSj i^ '—^J 
3j^~i 1o^:j _b>-!jJl 015" ,jy>-j . JLipI c^LLvP L^JLlUtif 2L*xJL5l « Sj j^jJl jL^c-Vl 
J_lp .oi^aJl ^ij^fli!! oJi* ■s-'%ijo oJj>tij /j^o i t L» iLLLd c5j->«j jt t4JLi^S'i 
AjUtJl j^IjJ! U^>t^ Jui! .ajUsLj-Ij <ujIjj tj»i*Jl ,-jJ oLJ-I c-JlS" t^LiJl jjjJl* 

bb~ot ojjI jlS" .2jb-^Ul V>4-U ajj%^ ^ ^l^- ^y Sy- Jj-* 19 ' c-og.*! 
^_->yt JIS" <d>Jj ir l. o~~i jV ">L« j tLi i Jl_oJ>01 i_JaJt jJlp ^jA; L*-»l>- 
jl f- L. ^ t-JJ» 1900 flp ,_^ .2Lju>yj <jlIH jwiJl Ll» ^j.) y- -b-l jj^e oV 

.s^gJl iSLi OJLl .LJ i «_oJ>J.! c-j-L>-I ^Jl 4_«L~U 4jjl*il SS'yLl JUi , g.~iit 
.yllli 10 c~iL i_-J SJjVI dili l ^»-^^^p IjJ^-jjJJl jjjjL-^Jl 

UjLa tl^I ij. .^o o-A-«-e- iLiL» «j lISsJ »jl5 o »i 1 , »i ~t«-£-l ot { y» jiJj .^^ IJj 
7-lj^l lS" jb 4j\ LajjJL-ol! c^jU^ «Oli *— jLj ^-L. l _ju^>j OiJ "LajjJL-oU 



'^i)\ Ijl- 98 

J& ^jSo i .ULj-iL-» \J-\Ji\ sj£s-\ ti~~>- i^iaJl j'^p"' r^- k-^UJl ^JuJS Jb- 

oJl* cJlS" t »^Jl Aj^kJ JjVl fl>Vl ji .^jjb^iJ JjUilj Ljr ^*Jl jp <jL (^JUl 

JLu^tlJI CjUkjilLi ^jU<3 J^->*J f j*h 01 (3jj .ilji ir-^oJjL* > ...->- .A^"^- 2-uL-a 

a_uip ^_JLk* li I^j^t* LIjLjj' ^^ J^ 0)*j 4 -si»Li^3l ,»15^>-^I ^ip JaiL>o 0>j 
SlJi ljl>ii 2 tr- joJjLa Liyk L*-^ 'j^J 01 <<J Oli' L£ Jil J,^j ^iJ JlaJ .jJL^I 
ciy«j Lb-V ?t-.^l <\j\ j>- tllilj li^JLaj \AiU 01S" <bl j;p .SJiSall sjoL*^ c-iji~-l 

t\j yJu\ aJJL»! l y^*J - Jo Js- Aj>^Jiza **. ^ j'""** ^ 5J J l.?*'^ *trf i*iJ r>P . AjI JlJI 
. JjJji-l 4j»LxJl 4..,.»l)l f- yjs yt i UlL» U?*j ^ji 015" r- J>xj l»JLp < l"ljc*Lt-l (J 

.«oL>*pl jwl ^^Lp SjiLii LJ Sjt*L>- ^jSo i t<uJUj aJl^IjJT. jS$\ jLJ ,0v^J 
tkl^JI ju c^>ry> <»L>- A-i_p 4— w- j 1 1906 (*Lp _/>*ijI -li OUjJ^j p-^zy' d\S 
7- L» ^ ^r»^ — • 9jl-lP 4^=^>-l t<u^ij j> AjL^jj jer^aP ,i!b$jj 'u^^A' c/'J^JJ 

4jt^5jJ 4_3-Li alS'Li (_5>^ L~* (V ^JS^ 1« J ij^S / J . 4jJ-Ul ipjjl fyA>-* 

^^Lp J_Uaj \Jjfc J5" 01S" tj^ jl>- J,lj .iJUl JL--VL! *~i>\ *^s^l\ 01S" L-i 
tljj^iJl ,i ^^"J y 6-2 ^* j^**** ji-^ J*' ic^ - ^j«-«Li-l ^ 015" tiili (C^p .f«->j-» 
yL- tJJLJL- c— jijl -li s-'v^"' (j^ ^ i0v '1918 (*^p ^i . JiLij^-- o^jij Aj^JajJl 

Jjv liputi ^ *cV>-' ^j>f»^r [Kurt Eisner] jL-l o^S" ^IjiiVI *^p>! ( 



jJ^iiil iJ^l^iC^Jl j^ *^ *13 ^Ul f J^ 1 ji • cJUJl rtJi^J tiUilj 7- U»i jt 
jl JL*j l4jXq}\ c.,:1pI Cjyji JL*j . Lilli ,j o-bJL>- aJsI^^aCj -»^Lj jU_i ^ IjJLJl 
iJL* jf J-j (1 .«Liy> ^ L*>^ ^^ ^ [Kaiser Wilhelm] (J**-» jvaJiJl J^ 
?-lJr\ i\J L-i ciiCill a^U^l ^cV^Jt 7-L^t iljf JlSJ .~£j-\ oJLL. J_^j j> 
(^Jbl f Js- j-J\ J^ipI 1919 ^j>* ;i .4jLi>- l^Pj^-i 1-Uj Ulil jj£j 01 (^jL-Jl 

•Lij^l jjljb (CJLiJl AlJaJL Oj^j^j Oj^l^Lil r U?l ,ju>- _,->-?- V' V*-*j^' {f 

.<pUai li 'V ^/»^1 V^jl <y l^i»y»«Jl t^Lpj^iJl ^jlSJl Ij£>«j 

aJL>cj J. cJli" f^ji*" Oi tfcj-iil i IJLoJj iilJbl 015" ^JL5l tr- ^JjjU ^SUj 
jS^j i_j t(_/»*^l ,. $^»; ^jIp jLJI 0_jiiki ^Ul 015" s- jlj-iJ! ^ .SJULi ^>^ 
4_*L_Jl ajiJl cJl5" Al) .JyjUuil 4jjJ6 Ja-JaJl Ajrj jip <—iy«j 01 A>-l jj- 1 -*^. 

t[Weimar Constitution] jUJ jji-o ^ 0*>U^t 1919 u Jz~s-\ J^-i 
1^15" ^Jdl 0^^«il JU .ll>-t -u~J o£j i JLklyLyJI j^i^J 4jj— J 015" j^ill 
cicJLiJl Ulil Lf»^ jJl Vi-^ 1 ol;.; : aJl Jl cdii%. ^r^ Ji* t<Oy>Jl Jl J~«t 

.SJLLiJJ jP^j _p*J ( ip LLjiJ? MjJj L^jL^^; A-lslyJjyJI k_^>wi JL4» ci-S'ljLi'VI 
015" t^jy»- ^ toJ^>- Oir''^"' (J^ U^j^ 7 "^ 7^'^ l -^-'^' c^JUl <L..Jl iJ^ljL>»il i 

.llw- cJb-i 4^j i (^jjl tjjiill Ja^^Jl «.bl 

cl-bl iSji»- a^ir...,..» jU-i Ulil ^J i .eia-j ^Lc- LLaj IjJl^- ItjJL* 01 j^p 
. JUl f jJl jl^j jJ j^a-Uu 01 ^i Aiill u-jUjS'I ^i l^j-b' IjLo Oll^l 01 jjp 
Ug».^j ^i L« V>ii 01 JI*j <.£■ jujAaj J,_^j OlJ^-I^Jl OliUJl oui^S"! '7^'^r* ^/ 
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z*-"?' L>-l r! '-^M 'J' Lo-fcjj-ULC. jl cU>^,; 5i2->«J.I ^0 *iJl :*£■ -JsUcjU J-g->- /»» 

«JLL> J,| 4_o_^J.) ajjt, Jb>-li (.<L-_~Jl -jP- A^y^y» 4_**ljJlj ,»l/j_^^>U jJ_J^o_- ^PO 

.f- «-j» J. I IJla ^ i 'S jl <d j^j <_£ jjl _ UL>- .La-U -a^i _ -JL>~b£-l jjs>xl.\ 

3SUI • r w»<j aJLj Vjjillj <Lv?Ij Jl L^« »1p <ui Js _£- 4<L~»^Jl i I tJl^s ^—^ r"^ 



»>j .<*-^Lj ^JUl *- j^9jil ij^— J oUJI 2L~~Jl j| J,^j 01-JurS'l L» jU^- 

«-LjJ-iJl ^ 4*jLi S^LjJ! i-_^Jl i*J Tt-^iJ jl Ai ^jAP ^i jj^) .4J-0-P rtjla Jl 

J . (oLj^ijJl J& l-^-r 5 -^i ^j^; ^ pl ^ ^-»- " L>_fcj tj *SJI fj-^J «uSU-aJl 

i_i-s/AJ CjIj JaJj 'J*" i* iP LJU^o 5 t4_ja-«Lp rtjllJ /w» aLo-JUj L» l—.. 1. ; t">VjJL) (»->ol 
•^ r*-* JjOOj ^ JO jiJto jUl aj _ -j ji.1 (^L^-jj-t^JI «■<_£>>- •"''" J-4J .Aj^s/jVj 

-U-Iji (3-la^J ^JuS" »-frijj cr- j Jjll J~Jl I J-* ,i jj^>J^I jjJj ^Ju?" j~Ju ^ 

.jjjjsi ^jla (_$j_- y^j i aJI jJ> .iJ^iVl ^1p »531 

oliLJt „ria" : J-Li^^^- «_4Lijj •_» 1 _ajIj Ijj . Ijj^jL» "uLojj&I LIi> dJJi ,Jlp 
,y> Jl£J"Vl> .a^j^S' J&\ji L$jl l5 Ip IgJjjU a^~»j isLcl ( _ s Ip j^>i! 4JU2II 

Jjb- tC^jJ^ Jj-U-I js^L^- j^ L5>>-l oU-j^ji Jl («jJ^Jlj t^-jjJ-^Jl 
iojlj^ Ji «olsLl^S"! ^?r .aJli*il oV^-' ^ J*?- ^j^y -^L~^l J-Li^^-- 
J^^laiLij ijjJJl a^JI] Atomic Structure and Spectral Lines jlj^v 

C->i-j 9 I J J^Lio o^^J>- lu. j <L~p~ - jJ-S^^-- (kr^L; tJ/J C-^v^' - [ 2 .»l.^^ 
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. f- «uji ^p jl.lt.,.:j j^pLj « j»UiJ t(^ J IS^Jio <L^hi* 4J «jLo^-aj tAj 1 5J! 

tjj^pl Aj Ji! [T-l— 'l *-s^«J i.....,» "LoJbJI ol Jl »1)1 /jP C— >«-JI jl Ji-S _a^- ■ j' 

aS"^ ^j J>^- J^-^" jr* 3 -^-^ i^^n^jfsJl Af^ i _ / Lf Jylji jl \S lili 
«j^ll i/ O-'-?*' O^Jli rc^« O' .Aju VJ ^JLlJ-l L*L*^ i_~~i>J i caJ^II t_^5"l^xJl 

A^yJIj^l jl jiP .Aj^oJuJl APj^j>*il /*-^J^ <-£^>-^ t/"^" j' Ajjib^JJ ^~~Xjdl 

s^Li AjiJ «j tSj^ i\p^ J f 4A^jU^JI A-l_l>ejJI aJla*JI (_£.} (_i, *j jj*^ ' * /y t-tLs r*— 

Jjbxj jl jjfc t J,_4J _^*l L-i t J./J^yi .AjJ^til Ajj-^aJlj ^J^IiJl 4,k*bxll ,jy 

Ji« ( _j1p j_ji>Jl aJjL#^ jl ♦Pj _ as^w» c^W» S* 3 V^-**^ v^jlj^laJl ^-^IJ 

^Ja-oJJ L;_wjl rS^J i . I-Aju Aj i ~»Jb I /riVi' ^.ji-l ,jy>- «j-L^l! Aj JaJl o-AJfc 

.-L>-V l^w^j lio* 

r>- ^J^Svil i C^_jJ cAjL>- aL1s> Ajc* O^aI^I 0.ilp f^jy .i \ja!^\ AjVj 

cJ\j^>\£- ^p iw~Ju *Ip a^^j (1)15" AJli toUU-l_j ^lill ^ UJI y j>-^ ^-*j 
( _jip j^i (1)15"^ ;v__rfLl\ iijLJl ^ a_»jL^> (^jj jiJ^,^-- <_£_i! cJlfT .*-L*aJl 

j^«J iJ-Aj .JsLijJlj 1 a«a< (Jlj L4 ApLo J j^nj Oi 3 "* * Ay-* apL- ^ Li W i_r^J^ 
aJLpL- J,l :>Ip ^^ cL-J L. <.A~JiJ y /^-o^j (1 oil*Jl d)Vj . JltuV^ ^ l-i-f»r 
(Ji 3 " *'j^' J>!j (*^* j' (Ji V"^ >* (J^ ^^ 'Ul-^.J ^ji.'/>'i 01S" aj^j .ALjaiil 
^"JJl aJIL» A>i>vi jl aji^j ^ ^-J aJI jiJj^-^ yr.T.".. M | . LLjj aJs- |j~Wj (1)1^" 
. jljJ^VI 2-j^p 4-L--J Sj>-liil ajLpL-o (c-i'y '^ij-^ «jv^l c^-Ul _pJl ( ip vjJJL-o 
l!jIJL>-jJ| t5-A»-J ^4 iajlv»] jLs^j^Jl •^t^H <*jLjP [^ JJlJj^—o i_iui2J ^ »j d)l5" 
j^iJl ^ OLjJjLl (Jjli^Jl jL-^iJl ?-*>L- Aij^is ip A^Jilit OjjVl Aj^SL^jJI 
i^V r^J i lilj^>-lj liU^J&l Ojjja^- ^ LlS I i J |gl?j jlS" AJl jS- t[j^P l j-L^lii-l 
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^b? J^wai 015" .jJJJij ic>-jj «^r^-* *^^J t-Ujll (c^jy. JiLi^o— OIS" 
Ijgh* < ijy^'j ijy*-*'^ uy.j^-**' '^ ij**r^ tj"* 5 "" ^^ ^*°^' '*~*«-^ 9 ^*LJ li « c«_-«>-l 

Jij^ ^ SJUaiilj 2iixil tcijjv ^Jt^j Aij clij'lj Ui d\j ^V" Sij^lu. ( _ r ~*y.1 

.Ojjrt"* <ijaJ ol.il J, I 3U„.. .11 j y Jji 

*'jVI U^^J 3}~*>. ^-r^ '-'" .<i-»»Jt A-Jalj^ ii>Jb>-l 1 g : « r Joj l yC£-[*» Jd 

|JLXA -'v^-' oLS-LLJl jJULJ r-jOjjlA <_JW»J > >- (".-iljjUrti o.b>-l J_p- 

^ CJ15" Jl SjiJl i j^Jl Aj^laJ J^W* (J^-~! 'j^^J -LLi^^-v t-J^Ai» jJj«J 

Atomic Structure -^Lp ^ jy^L~. | t g a. .. ^ |*^-»*il JiJ . ^u^» joJ j^k. 
<y r .r^ (l -j'j^-"^. ^V^j <^-^. f>«j OIS" lS-^ 1 and Spectral Lines 

^jy.JbLj.1 ^ CJV .i-lP Jj $k_~~s?xj r- jJjjL»j J,^j ^lajJl tbjjiJJ ^ij j^ <~>jJLi 

2Lp_y~*Vl i*i>»Jl (j- 1 ^* *^- i/ «iLi^r»-*' u^^ 1920 ^Ip ^ L. aji ^j 
oji ^ oUjj^SJ^I cJlS" cJyLl ^JJi ^>_ .«jij \4>y£ *^ <.&\_p<~* j>-\ 

^P 1JL*j 3a—U- «jla>- La Jb^JI SlJj*^» jl jjp .iJ*>\iV* eL*rlj AjjLajj (» J ^ J> ■ 



103 r[*^i\ jAjaj")} tijA\ jj& 

Lj j" jol Aj»j »^J aJLfc) .1 g';»; CjUjjOO^I aiJbiL» clji 1^ ,/> jJ ^Jl Apj-LiJl 

oLij^-». <±jJu>*^>I c4JLla.ll oULJl i Lf-j.*.; ApJLP clyljJ Aiis-^U. i4oL*S'j 
xjl^Jl iJbJl ULjJ iiLa -^ i <bi _^P .ia-oJl _^~jL <bl Ijj liLlj llaj^S" bJLP 

.ihAiVl LSs-il^s-w» ji a^Jjj* _^p ?w>lj Jijfc l£' v^-^ 9 ^v 1^ M 'c^j^J (j - ^ 

jj^>- ji tApill CjV_p«JI ,i < g . - j ijj£y.\ «-J^-I /fP -*~*> ijjL» jjjOol cjIjJJI 

Ijo UL£j* . iLCj 115"^ \1S J^-iJ 4JUI aJl^IjJI cjUjjC&^I y'L-j alyJl JlaJ 

jj^Sol iJjtll jl JiLs _o^- ?~ _P>\ -*■*) 'iJIrTJj-^^-'' «V* V -l*-* IpJ »jvuLj t^g-iJl 

Ljj -ax>o A-LA-Li -4jLa>- JL>-tj 01 .VL>- J-> Ajjiaj (J, ij jllp 1 JL* ,vs> i 
L>j^5" Gjip <^Jb*i~J jij t^ V^* 5 " ^-^ J! Vy^J ^Jj^^ 1 ^tAiVl 
oVLl-l t_jj»tXj I ./»_./»-L _l*^»J ^^ aje.il L; «Lj lJJIo Jjti Aiijj *_i «-*»jJI Aa-^r /y 
ajJJl jl JjjJr-l Jlij^^ jLSol ^jJLl-I J^ ._f-\ s-^ii t>y>\ ^ i5j5s^»j [AOjJLiJl 

?jC_Lajl l_J iL-Vl Ds-ilSw (J,l f- t?r JL 1 gog a' J^-w V ^2jLv2^sJ *^~JJ A^aj^Sol 

?Jy...Jl ji- cUiU- |v50l Aj^JaJ ji i£y* ^Jju V jl5o.VI I J-» ji fi 

f^J.1 JL>tj jl jii>J ,U-^l" Aji ^L- jSLioj r- joJjL* ( ip iilJUl 7- j3l J,_t) J*I 
Ojs- -U! .4. a -Ja.»Jl Aj^L-^Jl fLj^l aO^jJ ^s^i \J j£\ \sj}\ J>o i j} Ai^Ja 
cAi_?- 5^L*>IjL; i_j"^JaJl -^ Aj">L»j ^>-l _^>-l L>J c A?<-^>lj A_LiaJl jLiJl Ul* i 

.'Vb^Jl (j-o-^aj V Aiytll j_jP jl jip" 

Lliil ^ r- jo jjL* j!5" -Lis cLjip /JLpI «■! jL Liijl L 4i-»jt-» SiytC.iais _«J L>ti~^» 
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•AjT Ajljjl j r- jJjjL* i_»> .AP uisy JLs- Aj «lila AjU,- ti (1 b- AOO l; 1A a» 
4jJJ! yJt^s i_->lli , -Ip oL-^s , j r\£- AJ 1 ^^-P ;A^>»—!I oL-islj Jl S— olj^ \~£>\ y_ t Sj^j 

i (cr^j cJl5"' clb-V J 15 L5"j .tUlnJl joJ A-^-Jl j^JcS AJjLsi ^ j^jjI 
tLj^iJl jhj» ^pj Oji cJ^£ -li ;li>-V j^-^j L«J c CjLsiL^Jl <L»ilj.i SjljJl 

."^JiJi 
oJlS" ^Ji to^U-i r-^jjy oaj. ^ 1901 ^ a>1$J <j ^j->ji^ j j -^j 

jlS' .0>UN-~/>^>Jl ^5-^i 4jL "j ^^ ^r" '^i^ 4 'r'/ jL«-i *>^ 150 JjtJ 

A^Vl <.aSjI°-~J\ Uli V «-^ij jJJ Ji [August Heisenberg] t- j3 jjU c_^>-ji 

C-ilS" .AiL'V aU>- Aj^vi C—ilP . J'iU-Vl L^^—J ^J^ (V *^>-_^ A_lLl^JjjJl 

ll— ^rjl ^JJLi-\ Jij ;i_~^-l^li i_~~>>j VLr^l i k-:„ J^-i-i a... »^01 <Jl < *>-iJ 

J13 4AjL>- AjLgJ ^ . Lg_Lju A^j.} A— *L~ >- 2jl Jt^l™J />>o 1 Aib 4_J_i i Jj«j 1 a ,t 
t ji I i _Jl L> ^jAi-J* JIS lij i^yl IwL^o 6A>«^~' L_ — -U JjJl ^Jo yaJ<->. ijji 

a**U- ^ aJ^Jj-JI AJtUl aIS ^ liUJ r-jyji^* vj^^>-jl j^p c 1910 fl*- <i 
iJj>i .i *jjj ,jo- t L»L«Jl i .-»-^1 i_j^LvVl .*— ^>j ^ j$\ U»jUs> jlS" aj^kJ 

L/)j^> ^i Oilp lA— uli ^-P UL>-I f^jSJu Llil/» l="rl J-» C J jy„ Lc| t*L»ljvaJl 

JL>-ljil ^^U jl ,Jlp [Erwin] ^jS j^V' oU-ij ^Jy ^r^*^ ^^" -^ .aIjUJI 
Ji«jl 015" aij 44jaJixll pJUJli di~>~<>Jl ^j ^-J-^l A_si>LjJI i ty^-VI U^.:.* 

UlJu^I diii Jl*j . L*^ Oj-5 CjLJsIj^JI ^ Jr™ 1 ' s ^ JS^t J'^~ i' *Ji*^ ^ 

y^i -p^i 1 .aJL>- ^L^l --JLtjfVI IAa j^ Jij t(ji»jj aj:^ »,,I?t,.»j aJI ^y 



105 ^l^^^^Aiyiil j y, 

4*jJ~\ ^'ji jf y j, Js- 015" H_->yU Ajlfi frlil Aj^UJI 5_jJH J^S"! ji JUj 

y' UJI J^jl ^V 1 lT^ 1 g^ 0^ ^^ cf ~^y^ J* 3 cU^ll L-M^ 1 J 
^ ~^i^=> ""P J" •& ^ f^i ^\ .«j-I^h y^i *^ V il ^j-aJJlj ^jcJ! a-*J 

OjPjij jj^i fij-usij j^Vi 9 y~h y' ^3 < -"y i ~ '"t^ J^ ^7^' *-^* J~*^ 

-^J J^ ">^ jlp J cAJliVl ^j^rt-^ 1 ^'y Lf*^ **k^ J| jLJl L^k^- ' 

<■ Vjj^ U^-i a~JJ ^ yy ^J^Tl c4i^l! LdJLil ^ oLJjy.iL «oLi, ^j 
ciu jJ,l aJ^J ^ I J^*j j . i_J~l ^y ^^50 ji j| cj»Ij^ V u^^j o^LUl ^ ijM, 
jLi-l j^p Ij^La. <-j[~5> l$J\ ^^ij <s Jv ^u ctJii* j^-J? ur ~^dJ Lily Jj>-j 

v^JlS" Jij JUjJl j^. jiM* J| ^IpLJJ »Jub Ji* a^-J .ajLJLUIj .y^^lL 
J [ji^ 2 -' 1 <-i^£.] Pfadfider J~i j-. ^L— l L5 *— J _^Sl c^-L*^ J) ^lJ 
4~Li^Jl AS'yLL 11*1; ajliVl o-IpLJtI cJKjl; .[^l^ii ^JJl] Wandervogel 

4j>? y. <Sj£-\ ^*j .aJujiJIj a^UJ-I oilajjJl Lfijjlaj •_• Lf=^jj i 2_^JU «j jt5l 
.-bJj>r ^^L ^«j^ JI (JlyJlj ^^ji^j! _^iJl ^l^i JSCJ U jjji c->«~s«l ^U- 
"^^ ^ s-'W^' ^V'j JjJ.1 L^i ( _ s ^>o ^ Ai^lJl" cr- jy JjU j^ Js~ J\s- j 

."4j^>JJ IOjJjt 
4^j0 oJj>j cAJa— j — (jJ^j A-ia!^ ^ L^^o^s i A-jLjJt &jj~\ ^Jli" 

Thomas] o L. ^j-^y <_i-*aj <)Liw« _p»J ^J^j .^Ji^]iix i K>l! V r-L-j" /5j I 
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t_j*>U3 Lg-> ^ U ±juj\ Jl o>*>U-j [c~-*jU jy^^\ Doctor Faustus <j c[Mann 

L.I ^ ^1 _b <_£ jy ,*ij-« ^jif- I^jIp U~> ^>i «jL«L* ^ ^.pv! <J-^ a-j Jil (i 

v-« <_J JL; L« Jjlj -oJ^J t*JJ i— S a— > j )Aj A^il ..t, 'l < " Jl ~ U:U o_Ufc ^~» L y^*i ,fi 

apU^ 01 js- .SjLjJIj 3iU-l l^o-V-L; [^^* «--'W**] Hitler Youth 5,oJj.u jJLp 

r- jyJjL* i -C-j JJL) .2_<Jl«jI 4Jjw jbojl Jjlj ,jl>- Aj (jjl«J UI &L*> (IJUUS « L.-o.Jl J) 

_^aJb --L~jl JUaJl oUIJL»«JL-l *-a J-*UJl )»-Ja.t,.,o Aji JJL*j jl ^i AjLj>- aJLI? 

.A*JaJl ^^ C^'j >"V1 «L4VI ,j» 

Ferdinand] jL.jJ J-iLp^i *_. aLUL* yyi! r-j^yVk ^\ j^j 1920 f Ip ^j 
j^ JJ» -^j^ ,_<? Wj Mp^ V^r» cS^ oLjsbj ib~>1 y>j t[Linemann 

AJLJ21JI oLjsb^Jl i Ip jl jL— >cj Jli jrl >-- Ljubjj ^jIp Ji jI«JlJ jlfT 
LuJOs^ I - IU . l^>o« lxjj jl5 • L r^U i3j-L*~ (Sy <r*-r *i'j-6^" *^i Jr^U J*i£>ill 

i_jL£jI ^ jjLoj^j cjyu^ 5 •ij-"l > c> J^ t^_.Ovll (J-f-j •i3r^ J'^r" tlr* •— - J ^U 

i_3ytJlj r-^jjL* oL«L>^aI ^a5j' ^ jL»-tJ Ijj .^-LjJIj ajj\ap (*-*ji i*- 1 tjs 7 :^ 
■ S....».'Jl /»P I JL jlS" AjL i— 'i jJu jl r-^ojjLgJ j-U-o cA-JbM «Jl» , '"*- ^ . aJp 

."oUIj^II ^ UT c^> Jiii caJU-1 Jla ^" : %'U <LLiil jUjlJ ^1 »J|juT 

4,ii..liJl iii—VL! I^U-^aI j^SI j-Lj U-S 7t-i__^>l Jl 4>*Pjl *Jl Ji^ C4i-U-I tbj-iJl; 

4~&> La^j ji r 7>jjjU»i jl j£> ^Jl tAj^IiJlj 4j^^>«-iJ 5^<JjJl cjL~.L/yU -u-« 
A^^^j jLL» IJL» 'tiSj^r^ J* ? J^Z J' J-s* LS - i ^ J' dXlf- v_-^r yi . i_Jl5" j><J ^jie- 

^jip Ja~J jl Vjl d^jii tll^p p^\ ihJ^\ Jjb" ^ o-pj lil :JiLi 



107 £ UJI j~*i "i iiyAi jy> 

U JaS Viij»L\ L. :3j^Jl LUaiJl J_^- oL-iJl iS^I i AJliJL^i «-. Jjl4 

.f U UjAjl S^uIjJJ JLL4 _o_^j *_< T- jj JjL* ,Un-" tkdi-l-i 

l 

ajI^jII JiSi s\ijj Jl^- ^ *^>\ aI^Lzj:. »JJ3..>< t<u>- j^ai oL»UL?^~»Ij cLij^AJ 

. a-AP-lj oju 

iJj j L» ^5 ^JLp Lii^tj ^l>- «J^LjaljjJI l j*»oxj 01 L» <il r- jy JjLa ju /«J"-' 
j^ -UjI IJL& iljl r- jojiVk 01 j^- . JjiJ-l c_jL^-j KLill ajL'J 'J ^— i i-Jj~* 
iLpwijJ OVjI^j L>^" ie^' j*^J' *j^ l/'j-^h .LSaP jl 2L*,L»I jtSl L«-$i tdlb 

■ As " (J^J -".c^i ^*i ^i n i'^ l i_S*^^ t^l»-^ 4j^liJ! C—o-^i JLflJ" ,J^J joU 

j» i^iil rji- .X«j«il JsLiJl ^ 11 i' l^tj > iMJLil JlL» _«-* — j u aji LiJlS" t o j^ju 
CjIjoU v— -jI^ //• Jjji! (J-°^i '^-i ;> H Jaia>Jkl f-z^y OjjJ^C. 01S" lil L» -Li-bLl 

tj-oip jL>-j ^oJ cjIjL^» b tjiUail jJjll» LpjLi Oli" -oVj .AjijJLiJl OLcj 

t-L^r J^>H CU>^Sr ^jL) i!iljt« r-jojjL* Jj_L>xI_-l tAJLJali l>j\aji~\ -y» jS\ 

*5/2 ^3/2 d/2 ::U^ LLi k^>l ^liJl ^l^Jl ^^.^l jo*JI ^t lili» 
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tl SjLJLJl g^j iJuh jV tjj— iOl j^ l _ / ai^li!2 J? t-Jjvai 1 jj> oJLJli V) .lASOtsj 

.As-ijC^t ■ i_.^« c~j ,*-* J^jL»^ *>JI i^Ju<aJ . L*uJI iJ-gJ L^- 4 -U-j r*-" jSj i 
LU U^-j t jLJVlj ?- Ljj">U c_jUI «iij LS ^>- ci—iUaJ^L) ?*-«-~J jl U rj.jj <jilj 

.^1 Aj^JiJ ^ t ^ ^ ^ 

Ja-i LaSj n o Jul t- jnaLI l-L* *-» j*M-j?Uj jJLs _»^ • r- jJjjLa jlS j£>- ^jj 

jJLp oi ijJu^ jlS" .^JLi^ j^iJl t j>-l <j,lil t_jLi LajJJ Jl Lg-^iJ e^fKiJI 4jjj 
C^L-" ^Jl j «j ji~> ajLj oL>i ij^ijsr [J lllus jlS" (j^- *SJl 4jyii> a^ Jjl 

i Aj^lkj ,jy>\J iSjl^JT.a^UjJl a.iL*l^l r- joJjLa J j U- caJL-*^ sJJi Ap IjL*1 

->-jU- jjj^Jl jijjJb ,jLcj «jl^Jl .iJjJl jl 7- j&\ ■& -UJ^^* jlS" .*5Jl ou<aJ 

j j JLaib 4j| t- j^li tijJJi ^j-» JOul J,! <_->IaJlJIj r j6 y\jb y\£. . o j jjl jS'^ J,l 4_- J 

./"-Vlj t Jjj^So^fl J,l j^j^llitj^r 4C>l-b>-j ^^L^LJ J, I 1« «JL^lu. jljjjjl l-Lfc .*__£ 

jIjj^Jl p_S" ou<aJ jli cj^p^ij ^girjVjLi jjj^O^l fji J)r~ -iS^J-^ *j^"' J.J 

. jjjJl IJ-$j ("j-fij (_gJJl a-b>-j 

Lgjl T^p^^o . 4j ,>>_aj L~oJtIJ i (J, 4j j -U-* _a-v ,j^ '4lplj>> 77 j9 J2*-* i_s~~"' 
JlLj^^o^^Ij tci-Ui (ji* . l^J^U V j 2_J_*U ijsJ-l j>»*i jI.aJL>-j a^Ut» cJlS" 
.aj_j^Jkl r-jJjjlA JU^pl Jjl cJl5o ^Si^JiP ^Ui J,( c^>»Jl IJLft jL-jl Ip 
O^^lij jl J,! l}>J^ r- joJjLa ,J,I i_- -^" Ji_J 4 0^SLaJVj _/>-Vl J-* (S^^ . |jb»j i 
jl j;P .L^wLL» lJL^t a^^^j (_$JJl it^jl^l ^^,^^1 A-^S" ( ip isLiU-l iJu^ -^P ^siUlj 

Ljfj . a jllp liLi a^j» <x__Li!l JlpIj^JI IS'cJlS' JiJ .^iiJ-ij Vj^ ^\j i r-^JjjLA 
/fP ej\ilwa vl->xJl |j 4ij^*il «Uj-iJI 3jJ^>- /rws J-?- />P kJu^tJI ^j a^jlill 5_j«_^> 



109 £ lasJlj^Jaj 'i! 4ijj.il j^ 

\_L^J LoJip L>-b£ ,ji?ij jl l _iiji.l iJlt jbi -y i 3 Ur« t ^j, t^JS" JO-L>- c -i 

. jjvaJb 4_lp 2jju Ji ij\ jS- tc-^LiJl 

Jbii <uSJ 44jLJL>- ^"j 4Jb r-jJjjla JLp jULi^^ r*-^"- 'J^ y^ ^Pj 

4jjt>- ljj>- ^yi^ajl o-A~o-l> \o^ |^ .Sjt .TuiLl jS- < jl ./»r-»-l i t4J| .j-ii>- JSwo 

Li 4l5J il^JLfN-io r- joJ^L* Jjb- ^Jl AjjJaJl ls- lli» (-(jijL^JjV <^ i— ^J 

t L»U! 7ws!« j%P Lg_-Lul jl p;P tr-b>«Jj , Lu«J Lijl . 1 a J C- Cj\ H?fl>nlJl , y»*J 

jr^lj" ci__p /po i/»j-»5ol cLJLj *_• >_~~^>j joJ^I jl (_$jjAij:." . J 13 IjlXa jl 

. ki-U-^ ,*-Si \1\ 4-jL-Ji AjjiiJ 



ttUUj- j\ 4*jIj AjjIiJl ^bj-iJl i J, j y\ 7; ji>y\j» 4Jjbi CJlS" clj— >J 

/,p ^->«-^ 'y j»J_oJ\ jl <_£jj j "VI t*-»**! -Li5 .(j;! Jl «uij^i -^ cj j£- -Lai cU^jiS' jl 

4jl jiP . L^jlju Ji"Li^ , 'p- aJ jLi -jp Jj 21 o g U 3.,.fl , .. lili bbJalJl i (Jt*-*^ J-*^' 

,Jaju <bL£ J, ^j Aj^pw, dJlS" -taJ . -X>-L>- jSsjil] b>-^liL. Alif- cjil U>o J' -V— Jii.^ jV» 

i Ojiij Jjij X>- i^\ J, I AjJj! ijJ^! b» tL J-jjJl ^» v_3jJ«j r- juJjL* -JJsj i .t^iJl 

b_£ jlS" t*i jj jl r- jojjL^J jJ_vj U>-i tjJLjj*— - /k^J ■ Ui*i! S-ilj-4 »5Jl ^ a ,/a i 

J.13 i^>1_^ oJp Jiv . ^ bf _^5l iS^Li^. J^j jlf US" ijJbt-l Js isly^l Jl 
j 15" c^JJl t[Richard Feynman] jL-lJ ^jbiJj ^tjfi\ cbj-iJl jl Lp r- ^JjjU 

ulk^-Vl <_jI>oj1 Sjblij) jbjjl fbj^l sLjjJ tc^^j Jju 1 4jl 4jLa>- ^JLp ^-b 
4^sy ^^kjt; jl Jj Jjjc» J^Jjl^I ^1 oi~^ J,l Oj^j^j. ^A'yh>}>, -_jjJb"L-li 
tb^jjj llikl* jjw ^ Oj>J 4j_U jjSsJ jl c1jJj>ij '/TTViibb jj>-l bjTj . jbfc^J*>U 

."4^>^ b^l ^jl jl ^JaiJ !a^Ul" ^j 
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015" .<Jj^> J^j JjJ .o^Ltll ^Ap "VI r j^yM -^ ^->«i (i -L*>- ^fr 4 r*^ 1 

ctLjj-jjJl i .-^J^?r f Uij -^P c^x-Jl ^J r-^yjjL* *-Ja-^ t— 'j—j <.ix^J&i <JJjl *UajJ\ 

.ic.jjjl luL.~J.JI J,l ti^»- s-'W-iJ' <_£JJ ^«J 4^-L~Jl ^i L-T 



£J LaJl Jtnrttt 
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j! jjp J^ fL*k!l 015" .cJy *j^ 1922 j»Lp lJw» ji UU.1 

(_£ AJl isyill j^JalJl il>i j^P tUL^-i Jlil JIS" .yJ3 j 15" li-jj>r \^jy^u jj JJl j^l 

^.aW^ jlS" (.j^j^ ^j .<Up ljjJLi_« LI» n_JLU_j jJ-l tlyJ JlJI cj"}b>P ,i 

.aj/Vl 

'n y> J jl j_^ 3LU1 uyil >-!>3~0 t^~ J- ^\* ^' .-^Li* 
j »j ,ij tjj^ijij! jJLo .L«Jlp 4^-^» cJo L* jJ-i LL^L-^ 3^_^« j«j «jIjj c-iu 

.^"5LJl >i>jjj jl flai^l ^JiP jlj^^l jj-llC.^^J .1 UJI ^Jj jp s^>^* 
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1920 ^Lp Cfi>j>. j 1 j -^ -W^ ^ aJUjLJjI ( _ r ~-t jLpI 01 j_^J <j~* OIS" 
cjJjjLJl j^wi^-iJl ,jJU *-. «d tUJ Jji clii jlS" .j^lLijIj db"%. j-» oy^Jb 
t^cJ^jt JjLJ eUJi -bu. .i_->U»p^Ij I^jO*- ^Sjt-^ ^LjJl IJla Jb-j U^tA5"j 
<_uS' t ejjja?- j^>tC.U ^^a^t-i ( J>«^jI 01 ULp Jj-s-j I .c-jU^-P^H JjL-j j^jj 
U (jjU ^i C-*i_j »1)1 C^Jb- lilj _2u,Ji*Jl kiJLJla««ji il)"VI ^ji^ ,^1" . j_^J C^--*-^ 
lilduli* c-JlS" JjJ . j^jj .<-,.*,".;■; t^«L»l .s»^ Jl ^giaJl clfr>-j «bj j JLh^I c.'iT- 
^y : LLsi» 4 j^j j>j 4 ls^W 3 " i/ ^-fri < - J jy i/"' '-^y^ (t-li^i (>• cbv« c^ -b>«jjl j 

<b*>L/3 ^ C— «i ^Jjy>' {j* J-*^ -ij^* OIS' tj^tJJj»- jji Jij (ji>- 4(jyLp -b«j 
Jb-« Oli" c^JJl 4(1)j^j i^L* y> A;-^' Aj^W,:!! frljj^l .,— .i jr^j OIS" .4*^Li-l 

^v-^ojtljj jLJLjl tUJjtil L y4 l_b>-l • t(_J J-l <r *;■" , Jl j *J Sj^J J frLJI c*l ipl 4-JUsj 

tSL^b^Jl ^IjvaJL; ^^jjj^- »|y ^y* t. A, j^j <_£jj JIS" .ipUJl SjLgJ ^i j^JLi-l 

.(JLJ'iU L»jy_j \glc,»j ,»_Pj 4-ijfcOil oJb_bi-l tbjjdijl ( ^J 4jl ^P 

<.JajAil\ iSi\^a^^\ ajjLAj <.jji ^i\ 1 1922 fU> j-» £^1 jJjj ,j~ii» gi 
Jlp t [jjj JLsp s^bJ!] Bohr Festspiele £*>& ^^- Vl II* V— J " f ^"^ 

J*\JL}\ iplS (Jl IL» i? i_j^vi!l *U^j^» cJli' L-s cip^r^» JLilyJ\ cJli' 

cLjLdJI Cj£ j^ tA^Jiiil (J ApLiil J-/»*' (t-fJ^L*^ lji>-l -jJLH Cj^tJjj^- AjwL>- ^ 
AiJaJl jjj oLJSO CJ..AJI ^i jj_L,j>sj OsT c-j»- iiJ^jJ-l ,i jjiu^j jLics<aJl 

^Sl t^jjl tjlij^^ J^ <u5"tljjj Jjj AiJ . lss»T: a jlS" r-jOjjL» ji j;lP .4a j.llj 

JLai ; JjLiil ^ c-LssJl Oj-^aJl ^ L«l -^jl CjLjL-^-j 5l? ; ,..; 7-i^ ^1 <UjLvl 
^Jl tA-i^JiJl o*>UUlj s^Lw^^ll jliCiVl ^ SlsJ^j ^p l^Jli al<sj>- JS" c^istS"' 
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(J ip Uhj£ jJuj 015" dJJi JS" . J-»IS" J^Lio Lf* jy«j ji j jj O^J ^ f"^ 1 ^^ 

I* ;J,jj *> L&JULjlj i^>L>oVl jJ^P aH»I C$wUl tr-jvJjL* (_£jJ jlS" .^^-Lg-LijiT 

(j^-JLi-l ejLJl Jjt>- L^ fCLs^^^rlpl /,p apLoJI <_il>- •_» »- 1.^)>U oi^i-l ^y> LS i>^ 
^j -JLpI ^ t^VL; ^jvjiU i_*^*j jjj jlS" .aj^J j^^jjy. ^JjJ-^ f ^* V' g? 

j.*-."" i_->l— iJ\ IJL* i_jV./?:.mI ojv»L>oJ C- g">l jl -^*j j /2:^». jgv.Al ^SvJI ■ « ■ ■-» ■ a So 

t^a^Jj^r- ,Jlp <J}j& CJIS" ,Jl o jou<aJl aUI ir ^rU-* J,l l~Lw> .Sijjls <ob£ J,j 
3_»AxJI tJjy j[ r- jvJjLa JIS ol «-U*> -bu. . »->JI Aj iaj 0*>LU^j g a* i L-JL>- « 

ii-jyy jl iljl JlaJ .»>Jl 4j JiJ V^ L» 4*jS«-« ^ AI^Pj ^ jjJ r- jo JjLa st^aii 
^» \ijt- JL-Jl *-» 4-5"^il A-iLkil is^kjLl SJLlk^j APjUl CjLjL-J-I <_il>- 
.liJli l£j Aa^j^n-^aJl sLij-iJl i ~»*jil C^ffli' A-fcL» tA^j^Jl JLpljlJlj jIjU-Vl 

< b?:* J^-i-i L^-»^r^ ij^- ^Iv^jL» *J>*~#$& r-oLc J,l <>-U-l ip j^> j^ij i 
(jf jp^l jJLaJl ywl tr- jJjjLa jJ-\ Le*J tr-iLojJl .il/L. 31 ik^yS cbrlW./?» J,l 
cLj-jLJ* *Up jlS" jJI jl£jVl a-—Lu» /»-Xp s-jJ? J> ioIjJJI ^p <*JjS i t J.I J^L 
}*L» ISs^io 4i.la- j w + ::.■>- 1 t oljJuL; ^ VI (J-«*^j jy ■jri J r a ^ ^ j t— ^ 

11*» ^ SjJ -b ^PUJI .y«jjl U;> JlP VI iilJ» fl-b^-V J-- V" C^'Li 

. ^~-*^ ousLj jl ^«j^Svjj jy& (J-L^- ^-i^-LP jAj (_^jL5J-\ ;_jl^ »j 

jL«_pjj J^L>r tJaii Jj>-Ij L>r JJ .Lts-j^j Lj^p r-^JjjU _Lp iJut jlS" 
jl L jP tiLfcli tLjjJaJ I JU j>f ^-»Jj clt^c- LL-i L^jLvsj w ojiJl /yp o«ij ajLiL>-j 
^ IjI-'Lj jl «.LjJ-jjJl *IoJp A-^J (i ^r-J Aji VI jjj Jj-*j J-* •L!> ,< -^ , LLaj j »>J 
ii-is- ji ^CjIjLc^VIj Cj"^jL<J.L; Ij-rfSjJ jl ,< $Ac- jij '^^ CjIj-UI t_jl-s^>j 
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^iljJl ^ ti-j-U>*JJ ^ju iJL* JjXj V JLa <ul ?<_gJ a>-Ii* c~~J Ajy&jJrl SjJJl 

cAliUl «Jt$J t-^jjU j j,/?" ^ Ji jl t^jLii! j^^L -i>- <_£' J,' jLi— j V 

CjU.sIj£ LSwJUj ajLpb -AUaJ co! »l~Jl /y» JbJjJl JL*j 1^ :p i^_JD OV" ■^-* J^ 5 

tjjj jl j vii-S^Ll]! i -»v?J .SjUjl^j 4^i -• C->l Jb ^ I ^ ,,rt> -P 44AiX/» « SJJi* 

— 4 

r- jJjjL^J s-UJ J jl jl jjfc <kJ i_jj V L* .aI^jUJI oJjJjlSI tUi^L-Jl J*>U- t- jJjjL* 

. »SJI Sj^^liJ <S j*-* <£ *^ijj /r" ^- 4 ^ ? ~ Jj-^ - ^ j y. f*-- 4 

Jll-o JlSl AjLs tAjJL^lfsJI Jpl^iU J±J: V Ju» J>S\ ZjJoj jl *4» j^j Jl (%-Pj 
oLJ-l i lp j»U ?-L>^L| oi^aJ Jl _ ^fJL^AfJJl frUj_<LH iiJ ,^p jlp V aJI AjIoJI 
IJL^ L*Lo_^I iULi aS^i i iy>J>}\ «J.A aP JLwi (_£Jul jw>-l Oi*-* -^ •^r 4 Jr' 
C->*>Li>tJl *^« OjLdJ jji jjilt->-7 jl ijJUl ^ *5ol Sj^rlii Ap <^^>- »^ : ( _jjljl)l 

jiiJ tdJJi Jli* .c/>LU3 »^-* ^^4 jL^-l U ^1 icJjJJl iJ^J U 4-SL^AfsJl 

<£>-IjL«j »ji^ C-ilj>>u l$-S O-l^j cSIj-Jl ry A-Jjl tiJJj^i .1J*>UI ,ju CjUjjOO^I 
OjiJ>JI i^j^SOl jIAp^I oli f' U»jVl Jy JUi^l J^>- (i <Jl jy>- .y ciSUaJl i 
iw- J l^yw 43U2JI ^j j±cS\ jj^j - *--l_Jl tSj^\ (3—^-51 jUaJ ji «_L*Jl ^J*>\iVl - 
f-yj vii cJli" <.ji-^'\ i^j^&l iyHl\ cJli" UiS'j .Lg—i: iJ^iSfl ^ J, i 
oi-fc ^j Jycj <0t ( ^j«j ^IjJl \^~a Jl . ( ^SL^">l^Jl J jldU Jj.LaJlj >_JUail jocJl 
j^. jl ^jhl^Jl .4_iJ ^LJI ^ki ^jSL^'^lj ^^«iOl ^jhLJI f- jjj jl oVU-l 
.^jJUl A^-i^i Lv^liJ Je j£- ^ f- jJl I i-» /^ V^J^»I ^Jj^i~-I 

l»Lp 4^7 »j ' _ I U "_i iuS y> , 03 1 y> , J-P 7t->-lj ISv^J JJi\ »JI |JL»« ,J.;^" 1-)^ -^J 

'JL^a jl j^J CjLl; nijtll j tv^J -*-JjJj ^JuS 4_oj ,«1 jL»Jk' 1 jl> •_» AlJtj ULfljl 

j^j Jb Jp Tt^-rf»! [ajI ^p] c4JLi.i A-^S" Oyl_^ 1/ <up T^i ^* \-^ f^' S^ 3^ 
tJuSO j5s-io ^S'c^JJl ^[Abraham Pais] j^ f*-*l^l ."^'L^^l ^^^-i '-M-" 
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y*j i[Emilio Segre] ^Sy^-^ j~L»J L. I ."^i aJLI! i_~lko jilyJl IjlA ^J-ojJI 

Ijjfe ^JlP tiLL-J 01 j^J Oli' <UI ' ULo-C- ^Ju AJI <JjJL diJi r- jvio yaj <. jJ:> , l^Lio 
i 0) ^>- iojJj>- I_}Jj*«j 01 fljJjjiJl s-LcJp- JLp ^JajLki OIS'j tf»3Jl Sj^^ -L_ Li 

fjp LSs-ij fi)Ot lf-*2-J tv»L>tJ Oli 4Ju. J *J. 1 fl r "' »JLflJ . 4j (» ajL 0^5 L» 1 j ~ fl flj 

fljJi J«1j>iIj A^nAif- jJ.IaJC. -AUkJI i 2J i^t-iw» U-^r 4plw3 i J^j>tj « 4iajl ji» 
J-«-*- --f- Ui iP i Jillil JLP *JL> Jj j L» . ./?fl~ Sjj^-^» C~ilS L» 4JL J2J . JLuil 
jjj jlS n_— iJJl 1-Lgj _^J->- ic^jj (*-L*-° t_£^ (l~* •f c -^'j' J 1 ^* - ^-^"«^jl ^ P j w 

jl jy_ *_a «u SJjLL» (J «I Jjl; /Ja Jl i 4jJjI J r-^uL» c-j*)^! _« •-• OL^vj 
CjlSaji>- jP jyP Ji tJLLJ^^-AJ .jP *>Lii tj_^i 01 rt-f-jj .«->t>«-Pj jlJI r-jJjjl* 
1 4JL 4r-joJjL» <__v*j>- 4*1— J 01 A^a l5 ^JJ t|V>Jl i-J> ./s 1 S^SvJ J jj- sJjJJj 

oLjiap j,I ajL^-JI ^ cJj^>-l <&\^a\ rCe-1 01 « 'fJ 2 ^- *J' ^-'W'i sljl -*' _j ^ ilr^- 

Lfjl ^1p 4jjj c->1jLp <_jiJlj ^^So i (^ AJI t^_jLiJl IJl» Lg-o-g-i ojLp si-*j t"lJjr 
Jj>»j o\ aA& OIj r ^JjL* JrJ j>! jLS"' c^*Vl 5jLf» ,i . ^Lo-c-l ^1p <uiil_^ j^ ^^-jJ 

,ljjjj>- L jl &^- j &j Jj>- 4 iJDsJb 

j»UJI i Jljj^^jj c-^'i^"'"! tvvj/jl JLg_Juil i ?- jL—ju 7? ■?}'■<_ f_uj L«— 9 
i y*jl5L-jj ajVjj t0j--o^L» ^j oli)U 1922 ^U j>*^- .j Iju (^JJl ^y^Ui-i 
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CJlS" iA*_i Jii (jliVl -iijlll ^-r^i ^ -^ 'i<r^' J* - - 5 l^ Jj-^l A**y ^ 
aL^3)jj> tJbti r- y>*j /j^j A (_^-Xj1 tr-jo jjLgJ jj '^W*' *"-^' •(*^*J O l-J s ri-^r 

tSjJL-Jl «LlLJl j_yJaJ- r-^jjU ^-Jfci i*l*Jl dUi ^j-» 7!-«>V ^ u\£*\ ^j 
. Jilidi aLIL. ^j ^U- Otjj J^l ^-=- '■•rjJ ,j <^Vl *U»tyj «Ul*Jl 2LjcJr 
^ .oJLii! JLi cJlS" ^:>^$Jl ,,-UJl _L> aLJ-Ij a->LJI — AJs ap^JI ji jji- 
jJ j i _^o~Jl »- Li-| jiJUU JLp-I t /j^iJ ^>- ^ « JUaJI j«j ol^rls^ ^-xj ljJjj 
jj-w» (^•»^i y 6 j t[Walther Rathenau] y5\j jdjj J^Vl Vrjl^-I y. j j 
yoUiJlj j^—iji jvJi^ O^ljLi'VIj 4jjL>JI c^bl^Vlj Jl~*Jl fli .j^i^V 
~^J&- J Cj^~ jr**"^ -^-^ 1 grl <>^g- •_» ijioJi»i> L*j»Jj 4. : .l..q.JI oIpL>^>-I .b*-l?^>-! 
• r >J J! s-*-^ "^ lA—^} J-^» iV^ 1 -^-^ ./^1 r ^ '^* ^ J 

v_^>«^io (J,u>Vl j»-L*j' ~*^ t*~ /r* JJ-~~"'° W^ f* •/* »1 4*-L> i «jj*-^ 3 S-^Lvai c~*i^ 
U- JjJl I Jjfc •_* »_Uo ajL aJI 5"Jl» ^ r- jJ jj Ia i3 j^l . Ju> jlil (^^j^Jl _^oi!l jJU 
Jjulj jl aJ jlS" L. ajI JL» .A^iC^il A~«i*Jl IjL-jVi (i a^L«JJ l _i>t> t i)j yLJl 
jMsi» ajI y^Uij jl jl tOj^j Vi J-Ij ji<5 015" Aji «^>w> . Ji»LJt a^CJl IJL*^ 
«LJjt)l jj>j jl j o J «?«j «lc-^ 'j ajI js- .Lidi oUaJui» o~^- jl-g-^i <—* ♦*"< y.^" 
•^aJ-L; JjJI^Svj I c jl ./?:■>- L .9- jlj-iJl «LoJk^ \L> <.^j^\j\ * ^jujL^iJl t l ji_j*>Lip'V 

.r- joJjLa Aj *i>- (^•i-II /"Sr^"^ 

i^j%a frb.f.^1; 1 13_/^ -^ APL« j? O^^J <5jJ (Jj ilp t J jVl i—ii-l kiJLU Jbu 

LLdj dlii ^j«jj '/"^'^r* J! l*»rlj J- 1 " .jl^SlLi aJ^^P ijZSij <S~^ji ^ (^1 
^p LfJj*j ^^tiJ A;*^L>- AiiJL» ^ li*>U Jj>«j jl aJ ^J iJLA .-p^jjj^ J,l ^*L- 
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Jl djji <--£ .js^j^ ^j JjLJI ^Ij-Lll sli-iJl J-^ai j^JaJ J_jj 01S" 
*Li^\ <»j| jiP . ' 'di» -IpL~« ( ip ,L<a*-> ^J i l-^r jji» jywail J,^. 0J J^i ^.t^-J 
iJuaJIj 8j£l*Jl ^i 4kj»jj if LoU- J— ji 01 <u1p <_^>-_^j -^i (Jui^l ,j\>- \*j& 
J,l aJL^ 1 aU-l 4JLJj 4iUrl_j Aiai>.J,l Jjj V^*^ 01 ^ 'rW J^" ^ 

djy. JU Cor-*' -^ ■if&y*? [v-'j- 1 -*] v'Vj^— ■[ - Gottingen Gelhrsmakeit^ 

Lc.A^ii jlS" L . 4j f LaJL 8jv>-) Lc.^^ j_^j X . . . *J c.:."„il cAjIjJI Jll*" J,^j ^ 

. Lisi «Lp <l>-jj ol5" Jij ^A^>UL( <ul> ^lu. 4j *jJL 

L5*>Ual Ja^tj 1 t^^cjJj^r ,/ Ijy^ LSj V *>Jl ^^^ ^ 3-*>jJu ( JLp <~*/i»j 01 
jib <ujLj>-I 1^ ■■■; iU*L*j>- « "V 4>t>- 0l5 t>j»^a i . JU-i^j^ 4-°-$-" (_£-"! f 'j^*"VI-! 

.ik^l JLsibjJl i^jkl^yll LfXjhj! oLs^bj 1 U Oj^j ol ^i 4_Ls^^l «u^pj .Iji& 

4 . - «.'J 4jL^5 j Jj- JLp jL* _ 5- yZ*J ljAL> 4j1 (ji^~"l (S* 3 " '*^! js*'' (J>! J-*-*^ 01 L») 

jU ."CUL^Li Oj^VI cg^H VI 4jJjcu~j fJIjJti ^» (jJI j j%p Liji Lt> <uSo - 
i^JJl oiyi ^ c!/~^jI {/• ^>./ r^r- 3 ' i -W > - -O^y. ,j liLt--' Oi^ 's- 1 7^-' cjI_^> 
S-<Jajij c~>iPl JLaJ' Ojjj jLi (Lis-V .J) l» V' ^j£ ^^y^^' Aj^iiJl s^^-i CjIJj 

."^LU-I ll* ^ Ubi J^pI VI jyl t _ s ^« r |JU 4-_^a. 

9- jjj OV ^jLj Oli 4j| js- 1 J, w a^ ^jjj^*- Oh^ ^ 'l'V*^ l^jT^j LojjX« rtw^l 

^1 r-jyjiL* 1 c-Jl t J,jJ L»^U-j .^ j a, ; I ^ 3iJ j^Slj *!>• ^i\ <J^s JJ ^ 

t__^Ldl aIj^-VI cS-^-rf OLT 4jl L5" 4_L>-I ^ Ojp Oj^ l^r* y^-^H 01 (JLp j^Li 
Iblis ubr Oy Iji»-*" ^J^r* 015" JLaJ illLc Likii" jj^j ^ST Jb UJ JIS" .jij*-"^ 
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jlLs -o— « j r*-' *^" t*— s -^' *i J*J ii "2- 1 j>«j LJL> j *^* j»j .v* ?r jyji'-* -»-L*j 
. jLvliJI j^jJi jt a^LijJl Siu'Sfb. l^j^ J^*^ j^s (^ j <■ t-^Liil L- j>p \1»JJH 

V L4 J y ^ U->>- ■JWM Jj>! J^ tJj.Lall ^j .jJJi Jjlj V[ ^w^ab^l ApLvJl ^ 
«So jl i ^-t^j /j^" ls^* 1 ^ ^ (*"^J_J -'^JJ-*^' 'LU'L'j 5i Jii <UP j^JtJI »_k-... . 
*5vj>til jV-^^VI ^ ^->L) Jl 2^i-j • _« ijji as^^j:, tjSJiJ Vii~->-\ ioLJsIjj i U- 

JUljil flJlii-Vl li^M» .tt.JliJl t lJLs*Vl ^ C-JL vUli t/pr^jpr ^ 

[David Hilbert] cj^d* JLip c£-^J '^J^j^l 4j^IiJl ^j ij>JLl\ oLjsljjlJ 
c-?*^! Ji e-\jjjl\ ji L*by. Lili aJL-^ cl— J :Ui>-^L jjJ.1 ^sLjJl ^^JLnJl 

4x^il jUM lf- jjjiUJl jv-fcJjJ-j ^waljjJl jl LLja-« - (jvJL^jiJl ( J^> 4-jws> 
t_Ljl <L^>_aI ^ j «j *_» Jj-ij 2 4jl . j wLaj 151 ,J-P Jjsl «-* i_j .,f?i j jjj . iw~vL* ISwo 

. L^y?j.,/g'^j v_ji_JjiiJl Ls Aj^j>t^aJl ^.^Lyl Sjt-^sJl Ap VjI jo«j Ji «-y-l ^1p 

SJL^^aj UiiLsi jjjj jlS"' : j^jf J>Jlj iikit hjj r jj y\j> (^jJ cJlS' t |jL«1I ,i 

JLf- L«U lljslj ,\rN! (^ *Jl ^^ ■ ■ • C^^J ^^i fi h '-~i L* ^i _/*; 'V J& 'L» 

. ajjJJi «^j^l ^j jyW Ljj j;— J jJI SjL^LJI 



1^1 



(„j'iUaJl -_4 ^Lvu^ k_j-^2J j«-« "^^ ^ a ~^" : * i/'LiLj 4iL>- ^ji; jLS' <_£JJI C Jj_^J 

t__v-Lil jLi-l jjjj ^jJ jL f- La V I ^ jj^j L. jjLji JJi L^jy^* i L- i ^jip 
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^1p t*jO) > j ./J i (J— J L$-£ Lc. t4jlj! J^.k?' r- j-y Jjl_» iJjL*- C jj *j i ^^T^\ 

^jJ-gJl ,*3j*± tlliLia-* .,jU^i_i oli aljj J o- jljjjj j U jjOsJJ- .bb>*A! j»j.lg'l 

jjjj j r-j-y JjL* (jli .Sia-jij oAit* J Jaj U.U 4-1 aJ_*> ,»_. a.b 1,5— -I»uJt-» «I 

^|Ju>«^_vlj j>- tl-bl («dJLgJ! 1 (j« L>j& « « JlLc. ^p-J 4jt ,11 JL»j -y j Jj^ I ■ -■» ' -»- JLi 
L$**jij 4>i_Il!l .ijlJlJl 4J « ju LlJlS" -Jl J~Ljj^^ — j u aji ok~>) olsL>! 

■jy -H*" i/^ 1 

r-Lo^ <•>/*"' -Vp! »i 4J i_JUi>l -b-l^r j_ r"'" ^s ju c aJ }\ «j -LLL 4iLt>- o>Lo->J 
tA-s^jl^L-V aJus.-^ Lio U jlS'^Vj . jLcj cljJL i_j1^ -^ -bjll («S'L» _kk<£ 
aJJL>L« c->Lp^«j>ti 4^*-L* jAJ 4JI oij c5JL!"V J~*- j! j^-i| J, y jy^ 1 -- /yH ^ 
-i>- « c4— ^<V« 4j _LaJ /.c- J^>xJL (_}1»Cj Lo-J 4j1 j^p . 4JLL1II CjLLJI /y ipjZjj 

J j «^Jj o-VP tLiiS i__JLia ^1 (J,jj f' jvul t r- J tr 4 *-* <^ ^ ; ^' " j ^ ilM Juu. 
t J,^j jH\>_ L_i t^Ljl -i?-i J* .j y. ^y> *->J"l 5j/j j»_Uj »Ja^vo C~>- J^prLj-o^ 
jl t^oli ^J\" .ILiS" Ijb 4jl <J JlS (JjJ-^9 4LLai t f- jij-iJl ^i <*-£>- j ijip ,.^j jlS" 

L^>' < |^j c 4_» i I JjISo j-*j i3 ti ^j ' o Lcj ol^viU ^ j^jj uy~ 1-i.jt-^ j «S\j 

.4JL i 
/_a I j jjii j\Sl 0*^ I J *J 7t-w^ I t2 ^ ./laU JoLs _(^j r- ilo.J jJjLJI 4^iL<kJ>- , \S (*-Pj 

P ly\ , \S _Lp 5_>^p aj^j^ jL-Jlj 4^*_yS j\jlpV ojj^' j^ s^jLWil t7<Jj_» 3LjJ 
^1 U^j Ljj[ b Ajj^JI 7*^ y jf eyr^ ^y^r^ °-J L * L i^» OJ .«LsLlail Jp^ki-I 

iJb J-il .aJsLipI 4j JiJ Oi*>lj_bo jyP »i aJbJbr iJLla^ 2_?^>-V e-l-Sj^ J_^- ^ 

y P^ S^- ^y^ ] £~i J u*^ ^jM f ^- ^ d Syj ^y^ Os 
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JL*jl fl.b^-1 J,! aj^Ij Oj5J 05 iiLJl Aj^kJl oL-U 01 yuio L* Jom l-b" 
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jS\ jl^>. i\£ij*\ JLoJ- Jl <J ijlj J /L JJ4 jLj ^15 1 1923 f U ^ j>o^v- J 

I J-* The New York Times c->^pl . J-> ajwU^ ^ o^bt c^~- ^ c^Jt 

Niels] ^ V-Jb [Nils Bohr] jjh. jli jyS'jJl j! *JL>Jl jJUL" ^ *W IASCa .^ 
L^jLv^ w «-LJjJI /^ jii>Jl L^JLS ^Jl toj-Ul a-jj ^ a-j^^j 7- j5-± i—ij-w [Bohr 
J_^L o^LLa r<^o y (V^y ^j** ^-W -^^ *j^ •" J'V (P'- 4jfcL>-_j j^Vl J& j& 
J&\L cjUjjOO^I jl jy>- ,3 4 .~o-iJI iiLJ IgJl j^if- L^jI y-> ojJUI jj-^sj AJt 

."^jTl^l 

^ 4j_^o_>xJl 4P .^^J,| /^ ij'n^/l a 5^__J SjJiJl j' S^pO ,j^J /• C (jL*-^ 4j>„W; « 

Jwj t Ijj ^ .L^lijai llb'L? LlLS Lgjlvs^j ^>- .slSoL V} 2JjJL« cuijJl dJJi 
^..ifli'i i A-^oL^V^ «Ij^I A-iLlail C~>t-ws>l i_JuS' 7~ j& 5 tajJUl CjL^liJ «j jU j^j 
c->lj-Ul ^ cjUjj^O^I ^j^— j jl ^JLL 4J1 U^ -jp cL>-b£ U^ cojJJl 2_i> 
^ .cJjJl diJi ^ j^^^l ^V ^ oOjJjJI 1 _ s 3rU»-Vl Jl ?«ij tlfci ^> > °"j 
OL^aj jl jP ay^Ju jy i_Jj^pI tTimeS Jl 4jL>*^£> ^ 4jL~J ^lp C-Oj_j oL-LS" 
Lil ^ f UaJl f OaPl ^i C->«j£ J_^Sl jl UT . 43 jjL AiL A^jaSOI o jJUl t- jj? jj 
A_j^4 2j.iL j_dl_j 4-jy>Jl 2j^| ^j Jaj^l j^. f- jj . aSIjJI ^ 9- y x-a X>\j£J 
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jjJLiC. jl5" L» t,_ji^_*<aJl j-« ULa-l 4j .Ja^tJ OlS" (_£JJl * b^*VI ,_/**! *-^j 
jli 4JLL-JI 3j—JI ^ . (j^-tiiji Lo^j Ui?- /jjJUjI Jls^J.1 « o .g .«IL Ji>»j O' j*j 
c-iJ* ±)liJl ^2>- /|>oj toljJLSl Ajij ^ aljj c-.-> - .o «.Lj^jjJl ^ (kj^ «JjI^w jjj. 
«-iy .Sy^bll 1921 ^Lp 5jjL>- 4— jij oi^Jl ^ ^-4 ^JiJl Jjl£jji "»j^- <J-& 
.j olSJj t^UjUiaJl LajoLojT. 'jtijj ^Jr O' jjP tol »• «JlP Aj »j o JL*- 0V- , ~^ 
Ig.lp itaVl cJ15"j IaJl> 0j~~«j>*^* ^LaJ 2JLa Oli" oij ^ t^— Jl> f- LiVl 
oUai^j Ojyi \S£j» £^A 01 jjP 1 1920 f U- 5jJlA-|j jyu jcJ~d s\S .aLl> 

Charles] ^jky^ jJjLiJ L$>«j-» j^iJ <^>JJI ol«>r «jj^-Vt oUa>«JJl ^ ojJjI 
oli Sal» jJLp J-a>- o-^j JSs-Jl 4JU0 A^-L«j:.^li (Sj~jy* jAj t[Guilaume 
5jjL>- l>i .ijLijJl j/«L*il 5^^-V <*Ja*JI IgJjjli c-yi tjyt-v» iSj<j*- s-^ J^^-*-* 

Jj-4 iT^J 4— •-ii OlSsJ—» 01 /v-^j 'lOi*-*' i* "\ /k' OlSvJL» c-JjL*r 4J^« Q.itf-£ (_£-UI 

JJ tiJlJul <loLp oJIS" Li" .L>^>lj UaiLJ t ^c«i^jlj j_^J L^j Ujj'L>- c~lj 

1$j Oj_^ jJI iijkJlj ,j>ji ^ 4if jjP iUjAUs ^^U- «j^aJl ^j-5* A-ailj JCLijJ 
tviUi ^ ^jlltl JLp .iiiUailj f- IkiVl j^*>. t\ij£\ As- \$y&>\ ciiL'] 
j. .^aJl jj, 3JLui» c^L<o CjIjJUI ^ai£* jJUdJ i^JlS j^s bji L>-i «J» j»j OA?»iuj| 
»JL* t j^aJl ^j^- O' J j-5 ^/aij *j Sf *j $*+0 diJi -X*j i_3^Lm9 <oi j>p t»^JL< cubijo 

.fbjjiJl ^j (UaJIj 3L«-L-I CJlS" 

4jt*L>- Js .5Ju-il !«_-^- L^jl Iju 5j jf v^p jUiJ-1 cj«-L>- ia-jLmI 4»,,^; Jbu. 
iljjjl ^ [Arthur Compton] Oy~*£ J J ^4 t^ri^J oj~* ^ (j^-^'j 
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JjiJ liij'^i JLpli jl jjP .151 aSUsj JJjJ c jjj^Jl) f- UJ.^1 y *£ ^Jda-A; ^>- 

JjI Ijo^ ^ljJ Ajai>J>l AilkJl j U 1-Uj c f UtA^l jj _y .*-» i vLii -S 15" aSUs jl 

ciM!l JLiT^I IJla jl" . j^dl Ijla JbjJ jj^^S" cjL-LS . J^lsi ^J^l» k>-_»> ji 

OjJfcLfe 0jU*il ^yL^Jl i*J«Vl 01 ^ viJLi ^ji ^JL) V i_JjL>*lJl_} cj^jL*!* Oy 

.■yrT:.T,.J I-Osjb «1 (. A-^j-O 

j 15" j£>~j uL>Vl o-i-fr; JJJ jj— Jjl» ^ ifj^i -iJl Jj^ 01S" (_$ JiJl jUL»^<^ «Jjl 

Physical Review (i 1923 ^ jjL» ^ i*_-U-l jy-.jS' oliLiifl o/J 

01*0 J Vl 01 |^j t i L*!l ^ «Lij^l *i* ^.Jjl J-iail j^l -A*j" ^1 ii£jj**)l\ 

<C\ J?li c 1962 (*L^ t-jJjjU jc t^^ri *LSJ ^y) .i]1JjTl^j^yu jl^JL IjJ^s i 

.(ijiPAj^CiJlJJl 1$-1p ^ j 15" -oi ^j <%^i 

t-U-s r«— ^ 1 Ji* tj^JU uiJI i Lc-1 L*J . Jbi-I ,1-0-^ s-waJI <*>■<" L_r oJ> " '"^'-^J lt"^ 

jval Cjf^J- /-« jl?*i "^ ^baj .«jjvaJl «.IJbdl (J.J ^ii_jtjl CJj «Uf j jj SjLs^I-^I jl jS- 

<Glj l.».:-i « OI^AjV .jjj SLs^r^i,^ jjiiil ^jU-1 ^ out5o JjJI^Jl oJUb jl .jjj 
JV- ; ^- j VI -Ui> l:./j>ai«j tlJ..." < < tO^a^* 01S" tAJLJL^-! ^jj ls^p j^LaJl «A>-j 

. (<<>^p (t^* - ^-51—^* -5j^r iVX (* C)f-?*jj ^-sLio 1 v.* j «j j jjL! jl UL>- V jyi^l 
oAp LJ lfr„..jaj o^^jL!! jXJ1j *-«_- jl j^o <ol : W,...,i c_~~J \Jljs- ii*i 3j j 15" ^iJ 
y"" i_iyo O-^-^l ^II Aj^rliJl ( y> r lfj,j$' Jt t j=' S ^ oOpL~« ^^ J^- t^^-il 
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j^S A>- ^\ !JjC~~4 <Ujt>- L» ilL^>lp a£*J>}\ ^LiJ' j *J J-o^-I i-iil-ijl . j 4ly> 4S 

.»byjj jLjI ja t[Hendrik Kramers] y>\_£ di^jJ^* y> jy .apI— ~» jlS" 

g? ^-j-b ^Uy t^v^rLg-J^ ^ j^ ub l^ Jp ^IjS" jg> (.1916 flP ^ 
ijJi I i 015" ajVj . jlJli» j^rjj L«-$Jl Oi— - 1 "' .»^1 ^i^^ *-l*J LiljJj s-b_j_i!l 

»-$i Jp o j .lili yS_fi <_£-*-! (JLJlS" t/jA JJ( i_J1j OL-^bj i lp_} O^^Jl (JL^ A*jJvj 
jl "bt^j ^ JI5" t^JJi ^p *)Cai .3^kJ A^^ojf LilS^>4 L^ijt>-J 4^Jj j_?j jl^il 

. UU _« • Uaistl*» Ujlp jii j y^oJ>- x.'..Q.a , jJN^O 0-L>Cj t JJ-y 1 <^"-^J 7>^ "J*r° 

4, ; ,a...lall cU*>bliJ! ^p Ui'jP cai-bi obl~o-j SJLJb L«*>- J& j*t j*\ _£ J^" 

.j y. ^ ^ ■ '•" ^; ^lil 4^2-« UJ! 

JLpL-j:. k__>tpl 4JI «J^j c J,^j ^L>ui]j jJlp Ijixa i "a—j y\J>j &\ j-* jjj" 
LSLoV t jL/^l [^ }yu j*^>_ <U=> ojj •*— -aj j£*il '•f^ r' J>N! ^Lj>-I •'ji*^' J^i 

. 4^Jb>*JU b>- * j 4^3 (^ <LJUlS I (J, aJ j I jjp . I'j>-L*> « 

j a£*Jl /r>jr .L» j ^P 'y» - k ■ -i U .U J- 1 Jajti . Lgj_Li ^a 4_>t^iljjl AjliJl JL-^IjM 
O^j^Jl jl LfJ tjy ^Jl 1 1916 f Ip Ajjj^JI Jilidi 2jjj> i jy^iJl ajJu ^ip 
J^UJ^I Js 5JL^>-Vl jJyy jj aJLpli «^ ^LoJj JU^-VI ^ jy Ui JiiC ajjJJI 
0y>o jl t-~?ry <• j*\ y^ j y.r p>\ ^^ cVU^>-l _/Sl Jj^tJl jli'LJS' .^bui^l 

.Lp^ jSl >Lll ^Lkll Jai-I 



f. yjs d^lj 



,JJ| L^; *J£ J& AJ^lill aJUj^VI 5ij^kU u£^ ^}M J' Ji^ 
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.<U~jlj .ajjJjI t-jUt-l^il (_£ j^v f\ S f-~» J , ^ /^i i* ' ' " 'ljk-1-l 

Max]jJ^j^ L /^^- a ^jy i—JIS* wb lS 1p \j>-y» VJ LgJLP- i_i_ii\j 1 <uai jij 
l$j JU. jl\ «UjJaJl ^ 1921 j»Lp ^ L. Sj^ ^ ^Sol j>l^ jl p£ <[Dresden 
jjjli Jl ( _/2i>- L. jLpjv* .Ojj^J^I J^J j-» j^-— ^>- *-• J^Li~! jl i:j-J=Jl *^J 

*-«|Jb>tLjilj t ji L^jf- Ojl~»jS Pj^i <-Jj~» (_£ JUl • J» -a ISsJto k_ ■■ ; " j» *> I ./s'» 

SjL^Uil *-^Ij C. ; ai 4jjia-» j^Aj t4J>- «J ^Jb 1« ^jij ,(_$jiJl jJUl IJl* Jj^. 

jSLiu l y L :' ,..*" j»jj cjli y\ £ *j>-j <a»Jli-l L^^a^-i v-r- . [Storm] 
(.pjfL*» S Jj Lo_J tinjui Jiajj ,jjj JJ rJai*-l 4JLL^"I Jj>-I (JUl j» jJl j . jjij-^r 
jL J-r^l i_jJb^t-C.j <_£j^*-VI jJj «_^l *5o>xjj y^ajj T^i 'W^rj j (J* jy. J***^ 
^p ^Lii^l ^jj LgJl ttLj-iJl ^ LgJ jlSL» V <bl t3-g~>rj C— ~J tjJaJl ♦i' a^So 
j^-j" /J jl .*r-j.\, LgJl i<L^^Li^ « _g5sjl i j^^" ISwo <b>ij>-Ul <LS-_«">lSJl AjjJiJ 
tij^Lil j-alyS' cjLiLu*>- SJLi .<uij^ -^p JjLi ji jjJ-^nj i .IgJl 3i5" «i I <u^ll 
ijijjjj cAPjly* C~Lk> jlj i«u_$il ?e><J-l ^ 4J J^p L» ije j& jjj f-" J (^ 015" 

Jj>- (jl bcJL> j iS\j jl «,1?;,.j 4jIj u«Jj jjj jlS .L^jtiUa i 4->ej jU « i. y i. Ij . 

«jO.1 5 <u-g-.il ajVj/-^^' l.,<;fl! 4<_£lj L« (J I .«ui5Ti^?7j s Vj' iV " / 01 LS ^>- j>^" 
aJ^^ i^*J>J c jj^»lJ-lj j ^->lj^Jl LaI^j jl Jjs o^^aJl 3jL>-^I tc_jL>tPp>l! 

jLS c4JUaL>- OjSo *^jj 0>4 J rl^" - lS*~"^ J" j'!r > "J . f»_Sol 4j Jij J& y^s «JjL^s «j 

. I "_ ■■;< tlj^iL-oj cl^-o.'".» j j5\j jl s jjJjLf. 

Lgj .,/a jI « s LLi^S.\ (j| l>-« c y\ $ y» -«Li lJj>- 4jji ■ -jIU.^ ,>»tl c-JlS 
-«1^5 ^iSo _LiJ .jj-! 8-SljJ (_>1 <uL^ jt-L^l^l i^*- tl-g-^ 4 r />■ j^ I- 1 1 •('IjI 5 * ^: 
rc-v^i -LaJ .''iljjl ij >C. 4jji>- IJb- c j ji^jS" Jb IJi -Uj t_ i jti <_i«_- li 4iLij£"l 

.<U^ 4jf>t^jl « tj^iaJI ~S L_^>=-i ^ CU> L~uLti-?- yS I (jJVJ > jl t JJJ. J~" L~-oJ>«JU 
<1P i_A»iS La c-JU—^- 4J J^»u 4j| 2j JC« -«I jj , ^i>-l CL>tJu3 j J~" J^ J^ JA^" ) 
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-LJ9 AlS j3Ut AL^>\y> ^ tJUjO ^j£> lJU>tJl ^ A—^Jj ij,\ r* ..rtilj t i 1*1! j VI 0)~>«i 

. AJ 4^4-4 ri^* ' 



P yS ^J^rJ u_)-f J' AJO ^ 7^" J J"^-rf .2-Ja^Lp AjL*o4 |JL* jjj C.. . .^." jUij 
<;-«JsUjc4 «j^SJl ^ 4-^-jJ.I 4j Jalil jjL^J I5wu JjjJL i_S i_u 2\.s>i:. f.yj> 

jy iL-L-f UjLL" i]L*> 01 L^U l_^^i ij^iJu^l (»-*jyjj 'Jjy*-' . aJs-^-^ISoI 

i llilp- L^p-I^I »L)j_iJl Jj^ i_~>- »1; a!xJL« sJla ji Nj^i f»-^' J^ '<ji*ij r^ 
. J„a^ J^-i-e jl>iVl »J-* J^ <_jL*-i^I (^1^1; jl ^\ i-jA\J\ C-SjJl 

^»-1 >Xe-L*w« «Loj . 1 o ^ T; *« j iLaJpf L» g ,, ... ai y\$} jv. W* 'r*' i>* ilr^ ^ " i *J 
j_p^ iJLj oyjbb -y »\jy£j3\ <?rjJ ^Lp L^-->- jl -bu. .aSLjJI »Jl*. (Jl r- jJLi^I 
^ oaSjh" d-> i 1923 ^> ^ Ijjjf ^ aJ^ [John C Slater] y*>L- .^ 

t jLJLjI s\jjJ>j\ «.LJlp , t W»« J^>j ./prL^j *S" ,J| J-**!! J' J-?* j-f-* 1 ' Ajujjj r- $j\<tf> 
^Ij fj'j-» <-7r3jr°-p J* J^" ijy 4j1 jl*' .-la-i^- 0_)^ s-j-ajI (*>°^' y*^-" jijj 
jj.} s-^jaJl ^j-o-5 Jj-i l V N - i >. i— "^ r*-&r° Jj^i l£'j i Ap\_j/>^ol 9 \xJty\ Aj JaJ 
y*>L* jJU> .Ajj-iJl 0>L>-jil A^isJL» t£JJlj aJs.1^ V ciJil ^ L^l ^ aJLT Jji«Jl 
Aj$L^">lfxJl Ajj^I i__~3- tj-pljti^l JU«i' J^ "^ -JV^' ^J^J JV^i ^ 
«•j^iaJ! ("j-»^ aS"^?- -LJjj^] 2y?y Aji . jL?nil IJL* JUalL» ^ JjLP AiSj llojij 

.cjIjAjI *-* L^L«L»j L^ ,«" » 
*VLJL*»il LiL-*l Ji ^ijii-! a-> i jl J*>l~o JL>- « t -^>-L^jj iS" (J| aJ i^s « Jj«j 

*_» L. Ai^Jaj (U-Lil; (_/~"J^ <J^ r'j^' ,if 1-Aj JUsS. y>\J>j jjj J> j .llib 

JLi! .«-j-aII f j-*^ jjj-« ^"y^ -^ji i_ij-- ^-{j>j^y\ JL>J>I jl y">L- «^^LaJ t_ilS" 
jl (j^t. ^1 Aj^Ssi apI^j ^^5 as>j- i_iijj ">Ij <y.jj>^> K_jLiJl yljJl j^p ">UiJil 

lJ>Jfc .iJjCJ^ i^?o ^lJLp| ^ . (j"^" IJb .aJj^L» Aj Jij "njy^ Jg L^L>^iJ ilju 
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4j jUj a JLi> ( --P y">L* c_j ,pl cula «^ (J,l l$j ti-aj ^jLu j ^ . I .ii^L» <_ajL j*%* jlS" 

^piJJ d->*Jl J-ji c 1924 ^Lo ajLjjj .i_3L>f li^J» jf t JJi L^p *>Uj^L. i^j»cJI 
JLiJ .aL>L~JI ^ ajLp aJjIjw <_£j^ \a-5*i i 2:Cfz^V»; UUa. ( >1_.j^.&1.*tC .J 

4CjIjJJIj iiJ>xj f- L*Ji^l CJ^Uf /y» I JUJU»- U-jj AS^va V*^" ^*k *^~>«-^l i_i-v«J 
,L^J-J ASUaJl A«-^J 4* jwlJI Lfc ilJU^J J I ^ .^1 s>rA i Jji 

.(_}**« I f'j^ i>* *s~H (^ .k j" -J S" 1 i/ ^r^' clr^ r L J^~^ •^i-^r Jj^-* 4-oj 
oUjjOO^I JljjO flj>J J-«J- /"-"J^ ^j -A«J i cJ-j ^ ajj^oji- jjj »- jvl l*5j 
. Lkil jy*J (j\ iJL» .jSvj I AJl jiP t JjLl (U-* 1 v—.S'ljSjl ilijb ( ip aljJl J_p- 

c->L>JjJir ^ Ali Igjt jJLf- «jJJl jj-^9 JiJ :aJUI aLU ^ i] i_j j»JL^^I IJ5L* 

jjjlil) C.L-1 JiiC _ JLaj La *j_uil j jj^tyl c^.U ^ <jl*ll JiiJl t Jj-uJl - 
Aj-mLaJI ajJj Jil JL*jty tL>js» ^ -^ v' M**^ tJbJL>*Jl c_j>*i1 .<t^ij ( -^L)^Jl 

CjUjj^O^I Igj ^>^J |jJl A_jLxJIj A^-Ijvs A^SjUil ob JbJlil Jajj 2jjLsi jjj 
mbS Oi-*^ T~ y*" y< t — 9 ^^"" ^ l5^' (j' •iJ '-r' f" J J A-* (J-^i I 'i* lP .Sj-ijl ^> 

j' jl Al i_jJl>j jl • iJi^LjiJl *-^-5>- j^a* 3 »11.1. w >>■ y ^- iJ »_j jJ sjW*' ■ij^* 
i_J w d) »5^~u 4jL>- ^ al ra»a aji jl ^a jju t_^j^ ! jjj jo i^_ c^wUl k : <^ ISwo 
jLsf a-« IIL^- LslSo aJI^L» — jL» j aJI jS- (Sj>-\ cjlji a-« y^^~j> Jxij L^>\j£ 

^Jl Awslj^^l A^pLlil CjLi JbJlil ^ A-^L^^lSOl Aj^^iJl jij LJLL! ^ JJl i- Ujo^/I 
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. 4bjA\ ajLjJI L1L*- LilSoJ ^15^» — jUj 2lJI ^ t*-. L^lyJ : :> j ,/? a,« 

/50 lliLC As>x^s\» _ (_£ y>-l 0j-« i TXj »j cl g T; L^S ,il*jj tOjLp Jj t T>J <Jl~~>- 

,Jj j (_£-U! ,5-*-^ ("-^'y 1 1 g • g- _^-JtXji ^ 4— jtj j jj JL^>-I LcJli 4jl J& s Jl^>l 4jy i,*;,ll 
f«Jj l^Lyj ( j*«^>^; -a>wi JJL* 4jljl> Jjj jjj jli t l jOJ^jl _^W "^" lT^J 

/^ :>^v2aII ji jLi^j . SJlSjII AJLJbLl ^Lv»U dJJ^>l -li 4ji .i -Xai*j .<2^_i Jju 
,~J : Jl>- /r 4 J>L*j j_^i i-jji-*il tl)L> t_3 js\ UL>-V UjU-» ji j;P iaJlp tLiJl jj& IJL» 

^1 S— -JLj t f- jl^j 4Jl> f- LkjVI Ujb ii.LW«j 4il ijlyj (jL j^> ^jJj j! di*-" J (j 

. itlj yl ^ 4jIp «ebi jU niyu V 



;i?tJ Ayy^li 



jjj c jL>tIl> L^f-jjjj -i i] k_j L^Lo_^j ^jl ^Lgj^l ^ 4iju-il cjU-jCJu.1 ,jy y 

i_,.,.„.Jl jyli ,jij tjJ jJ-I ^jjJl* <jy. j-i^ JsLJjl (^1 Ojj _ ~x»Jl> ( ^ n x*Jl y 
tiiUaJl *> JiL«Jl j^ Ujj 4jL^>^> dJUL. j ^a^LiJl s- U_i^l Jlsf jl .<J-i>lSI Sj^jlJIj 

.i_-^»~Jl ,i AlS^. CjI jjL4 jl (»j'-5j jwiiJl <_£-U>l 

iiLkll cLL j^li ^.^j 4ijc>- lJj>- t4-SL^">l$Jl *j»rjl) ^j^^kJI Ae- JiLaJ-l jIjI 
jl^i^l «J-* jy. *-U-^ 4^-Ls^» ilLft c— ~J 4jl ^t.,a"j 4Jl jiP . o JiiLJl y _x~^">l>Jl 

.^LiisLwdl 
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*[^L^l~» jJ>] (v-JyiJl 4*J^J! ^A^^-l) "degoutant" ^1 Jj i"Jx.l£JLi 
-ijut* 4Jt i_a-j t*-?^ y /j 1*«*" «i» t(3 «j JL* Lo-^s ir j^Lail ^ji-ijjl owj lJo\-& 

Jj sttlO o/1 ol Jjail " :S^li jj^ ^-TL. Jl j^j s-=^ uLj .UT <J 

Ojjj .^^kJl JL» j-» ■-*-* OlS" lil c"LSL.jJ OjSl Ol ^Ip jLiU jU ^ ">L.Lp 

SjjLiil A** (Sj>r\ /y> L J£- yo\ Z» J j (.^ ij i__J L |fP Oi*"" °-^' -^"H J---* - lA*" *■ ** ' " a ' 

^jLvaiil o^L>- .SJUaj-' SJLL- <_jj-^ c-~Z> i oy±»j£ ru\^> j\ ,j£- t-U^J-I ,Jl 

Oy\j*£ bkly>-l fljj-l>- (_JjL*7 01 -X-j . JiJtJl 1 g ,/?*j oUi>jLjiL)l ^i>vi «_ij— p 

Lr ^xj y>L- Jt .UU liU^-l oLS"^ iJ ._; OL jjj lJj^I c 1925 £rfj Jj^ 

«J ^JJl c^ iJ ,_j Lii oji t^«l jXJ 2L^JLj L.I . UL>-V J U lJlx* jl tSJLJL- aJs- 
J^JlaP «L; ij U» «j ?tJUj O^ 3 4*- 4-o-i» ^jl f rj.>»il JL)J AJl—t-O 1 .J^- LS jj iv^J^Jl 

j^i-i oJl* ^^1« As- jXL» ij\ l ls- c^Lj! J j! _jl 4-^L_-')l50l (j*^Vl j» 9- y' ^Js- 
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l/ dV^ '-'"I 'jy^ i/ 1 -J S^ ^^J J^-* J" I 01 d>»b- L« lj j' JLj»I^J (J^- L?l iT.wj 

iiyiil JL^sIjjVI oLiijJdl »|jb*i-il jlS" 1i£L* .c^y»-^ oL j**» ^jIp JjI**J1 j-» 

AJL^ia AjUL» ^ 4<u5\^- ^u^sljj AAijiaj _UL>~V j*\ $ ^— ^' Cs p*Ju\ »Jl* ^jjiaij 
•-* .«L-uL* 4P_}ly* -Sj*r C— J oLiJbJLU » j w' 01 - Aja^Udl A^jg aU ji i) u 
sjjs «^. aJLSAj OjJJl JpL»J uLo- (j^-C A-s^lj^l oL>Jb ill y A~»Lll AiiJl 

ii^V iSJj}\ Ijy^S j? iJS s\j&jy\ ^S, Aji JJu IJl* 015" Jjb ^j 
*\j&)I\ oUJbJdl si* CJIS" t»JLP .diJi ^i JUkjy 1 ^I^S" 01 _}JLj ? jjj^J^fl 



Aw3 



.Aj 



v-< «jt OjSo <_i_^ . AjJJLiJl L^jLw^ •_» «jSoiJI ji^^- (J^ ° J r* p W* p - ^-^ 3 '•*±jy~ > \ 
^ \^y^i Jj - oljiJl ^ SOjO^- aj^Lu Jl ^^-1 ^>f^ ( ^Ij^-VI 11* Jj^j 

.^LjjjyiJl ^ »-^!-br Aj^iaJ J,! A*l_^l 
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J>! Cf*-> y^ Cf F'jVji^*' £f?J '1923 f-?.j ^J Oj-~j.iL» ,y ^Lsj»-**> .ilp jy~ 
\s-tji~» I ^- jj jjLal L^Ij ijLiJI a Jj& j^jL>J « .«lj i^Jjl ^oL-j LkSo i^ tiJj-» 
.llki Lpj^ij» jlS' <ul jJ- t-_5v_H ijjii^ JiLcil ^ ia^L^JI ju'IjH IfJL-aLo i 
tljjjjj! Js «jloiil c~-i> 0^ 4-J^- Llljj Oli' <^ Vj . Ljw ^JL-j jL>cu1 Oli" dili ^Lp 
4_1ojl* a.iL» i ( j^aj2^ J^ r jJjjL* J->«— " t(_5yiJlj ^j^><jJI L^PjIj t;»lp <^>-j-> 
OIS' .^j^ ,j 4~jj?yd\ fL)j-iJl ib~-l t[Wilhelm Wien] j^ (t-Lg-Li l -*^! c ~* : 
4*_*l>- — -JaLi^j^iJl s- L*-A^/l i_JLkl 2uLSjJI <\JL-Li cJLfj 1 1 3*^ li>-L <j\i 

us" jj*Ji ^ JiiuJ.1 <.^j^\ 0i« oii' .1900 p u- ^j^i ^y^ ^"^ C-^ 

Xj| 4j^kJ dJL>r^„>.l /^p LIp j>p Jij twiJLi^L j lio I .^j-ji^j IjU^ t4~A r ,.Jl i 

.L^IpLwaj (*j-«J -U_S r*-* ^f*j OlS Jl CjIjwUI Jb 

1 j t^^L*Jl -dij^^ t_J^ _^V *j'I^p *IJj^ f y-i oli' ^ 01 oil j^p V 
VJ i^oy^Jl jj^J «JU^-j i Lii (^JU\ [r-^jjL*] jJud\ i^LiJl tlj^jl ,i j — : 
J_J r=-^il Oi* _^*i 'es^*^' r^J^^* 0L>*1*I ^ .ltj-*> JS\ jy>^\ Jjt>- ^ 
OjXj 01 ,j>_/jJj Oli' Jij t^LuJ.1 4l«_p ^ SJlJLvSJI ^ ,L.1jj. alj^S'jdl S^rj-i 
i\j\ AiJ .<JW>Vj 4jL>Jkl i_~~~i , |juL> i <0l j^P c4Jj^—o L^ip SjUt^I -Jlp IjilS 
^Ijm.i i r-^J JjLa ,j>J t^—*-! lS^T-* 2 -! jL$->- (^ iJ j-viaJI /jjLjjl «jJi <~J JU 0\ i j)i 

Lk>-! -uSo tfUjV ,i l^>r-v.".>.o 01 Jjl^i i4~>rg;ll v_iSJ1 LayLi Jl Sjjlull _^"Ju 
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^-Ul i_jLiJl Jws<a?- .(*— 'I_^ ^>*^ JLp^-C. 3^-L* ajIjJ j^p »t^ai! _L* r-^JjjL* 

. Jj.all (j^ij jLS^j V ^Tj-^. jj^J toljj^jJl jJLp 

rJl 4li*>- jl -yt Jl5u1J -j^lJ^pr <J\ f- jJ\ tC~S Jl i/a*J. «js^-l olil jl -bu. 

iiiljj:. ^jla^ JljJ V ijbj* 4JU! 2L-JI aj1„^S; .h "a' ^ j l$Jp iiil J.I ci.^ 
^ (jlij .*-« IjlU <J| SjOjL* r- jJjjL* j^Lp i^iMJS LgJl ^jL^jfTl 01 -bu.j • Jjjj. 
.«obbij JU-^Ji olj;>^ ^ a^-jj ^jS-Uj^ [jj JaJl ^p i^>»Jl] Pfafinder SpUjt 

cljj 1$JpJ*a>- ^Jl «Ijy^jJl a^ jl <jl liiki» tja^J^ar ^ j 15" jyoJ^v J jl^j 

.-iOl 4j Jij *i5_^u JJL^J cJlfT ^Jl 4^J J.I 
(Jl a^y^ii OjLjJj *li t(JUl f bdl /y» ^jL» .j .(J>-l f^L*- 4 M'M 7T J>*Ji^-* ^^ 

^U-l j- jl J ^l/j jr . o^j d_>- . l*J AJIjbj Jjl dU' ^JlS'j .^l^yT 

. 4j JaJl JaJait ^ sj^- ^L i\^lAji SjSJjl (_^J *J' p-^Jj •(_/" -^ H- 1 r/^ 
i^ 'tuA> J5*Ai ^Js- i]ljul i]L» l ^j i .4JJbi .i . [JL^Ij^Vl J'] ^JjbU C->bJb Jil 
i^^olj^b Oj>h L. «Uil AjT iJb I JJj tOb'jj^SJ^I Lgj dJJL_J (Jl SJL^JaJl i 4_>- j 

.S^tdl S^iLkil ob.ijJl *.» S^pLd.1 cjLJuJlII /^ is-y>j~ Lgjl «j-Ul jbiplj 
.aL^oJla aJjLjJ jv-aLL» ,jij coIjJuJlII «Jl* ^LaL. i_i j»j jl Jj-I jjJJLc. jlff L» 

Jl <Jap-*^il i _ r ajLai}-l ^buJL^I lg_L4 jl J. I jlff _bU .JLwvaiJl c~J j-» IJL* jl jS- 

tiilJb^i^V i*^ Jj^j V Jl5 jJI c4-L>-IjJ| Ljljj «-gi jfjj ccjIjJJI L^j ^>J 

j^P .C-* Jl /^ ~&J3> ,JaAi- (l^-io JJJ aJI Ttil L» iJlftj t^-bLkJl Sij^JaJb. r- iLa_Jl 
,55' jr J-l ^ ^i^r*- /rjj^^l r«--» «J^LiJuJlll «Jlft jj^'-» ■_* ^>LftlJl jl 

<LJ jPwb U>o jiJ JLil .J^aliLl Ja^ jj^H 'Jjji ^^ '/r^-P 7 l/ "^' tj 
lj£ JJl _ ?JluJ.I iJlA LjJ jjij Oj-» J jl s Jbfcj - "j^xJl 1>-JLx^'' i ^b-b>7 ,3~J (Jl 
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.lg-u*j aJL>- auo i cJl5j 4 LiL~J,l ( JLp pj-a!I frliSl ^ cjUJsL^JI ( JLp J^p 
^JjJ Li ^ o-b»^^l (^Jl!1 L^LiJl u_jL~^- j* aJ^L^ISJI *L>j*iJl aj«J 

^ Aji r^P . j»j I Jo,\ rJtSjl 5 ,0-"— .-U S- ailJI x»« UucJJ UI— J U* ■-* La.T. ...■■* , LSs— ^j « 
.AjU2JLuj (AJULli tAi>-ljL« y&l it j iJUjjjLm a*- I j tOlj-i-M <b (*j-«j L» < {' AJjLs^ 

,j\j J-~L» jLijI JLa j »Svj jl jjO '^^ (_/ O^J *J '/*— ^_) ,/ OjJJl j »SJ 

o JL* li**_« UIjcjI (_$ JLJ_iJl UISjjI « Li»Lidl ^_jL— o- J^Ss^ <j/pHr • Cfe?* 9 ^ 
.aIjULi oUJbiiU j*\j> aj *jJL d\S U.IJLa Jajy aj^ 3_<j 01 r-^jiL* lS^j' 

JLS'i 2L>t>- ,Jl r-jv JjL* ■ Z^'*- tjlSi^l «J-* ^-jU^lI^U . 1— *l^]»ty ^^ "- A— ^jil 
ULU! Oi (_£JUVj jjfc Oli" ^Jl A-i^Jl pisJl ^Ju^i cV^U* ti-^-J ^^aJ jjJ 

^jJjjU ^^Ja-^li toiy fjJ-* i3LA 015" 1 1924 *_w> J">U- 4di!j ^. 
jj^- -cIaJ (_^JJl tj^j .bjlib J,J o^ll sJj^ Pfafinder a>1^>- j^ lilij aJU" 
JL37 ^ L?-jL*^ ■_'.■." " °J^1 frUif J^ 4 * iAjjl.il « oJ^ju ..^..wlj i J-*-*-^ /r" 
(J >o 1 (_$ JJl iijjijij UI . ( _p r L^j5' r jU- ^j^I a^-jS' ^j ajjwjj-JI v_JVI 
U_i .aLjI? ojU-l oJ^-L jL^-VI j— «*-l ajV jjj ( ip jjI JLii tAjj^-5' L^i 
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^ jj kj> J-»Lo jl ip L»l>^l jj>o 01 J ./? flj 4jl Ojjj jy>-' O' u^—i-^V (Jr* 
(5-Ul JL^-^I ^jSo i 4jl j^ .«u ^jJjt-L^» y^-^j '•j* s t' 5 '•jy ^^ i<^ *Uj*^l 
y^Li^j J,^. Jli c 1925 jjL. J J~«j J,! Lp. Jujo *3L-j ^ .J-jJ' -^ ■=-*-* 
LgJli t(jL»- aj! jJpj -(_£>=•- 1 «j-* ^-Aj-^ -^r OVI c~?^-*»l f-^ij^ 1 0J" Aj -^~ * is*"VI 
IJLa ■ja l^J» (j! jl U.u^yf liU-Lw- ">\lf jjS" 01 iS^y. 015"j '(_^ 4_*ap cjJlp 
UJLIj j^j ji (^j_- J^l V j VI ^| .^L;>aJI ^ li^l c-**-- -Xi O^Sl Vl_j J^ijl 
.(.illJjTgil! Ji ^Jlj JLU JjLi ^1 cJli") ."SJbJbr SjSUj 

t-Ji> J5" jVl ^-r^i" -is^r^* JjJ^I jJusl» ^ 4-^liU <U;jj jjJ cJl5" <(Jl _^P 
jl5" \lS^y>\ UU- ^y>-i IJ5\A jl ("o>Ijj.i>..a1I JJ- *>L~- Jj>«j ( ^S' . r- jo jjlfc Oj ^ 

a-lp *3L* (J J~J j^L^j^ J,l ^jvjjU iw~*i d924 j»U _^V <j Sjp-\ 
y>\J> OVj .i3 La aJ jj^o ^ j-»!^ 01 »-Lp cJ»_j ^ J-^j 01 jb>-l JLiJ .^^il 
tdJJi ,>« ^> ^^ ^ OL-^j 4fT^L-j Ojgk» Jii OJj 'flj^l 4-y---; L— j%Sl 015" 

i_j j*J ?-joJjIa 015" .*>Lii r- jJjjL* 4_Aji C5^' -^p-^Jl i_jLzJl ^bj-jLil jA 015" 
i r-jJjjlA JL*L>- . jjLJIj _^LjJl j ip (_ ij*J j*\_fi 015" tjy»- i CjjLj' (J^ 

jiji-^i i .cjUJ oJbu c^jjJ-l j*\J> jjili UJ cAj^-UfVlj A.S'yrjJl ^o<JJ! *-UJ 
Lv4>oi j- 4 ^ O' ^^j c— -~^- Oi>- ^ij . 4jtjL> liJui* 015" <u5J ti__v~^j 5iy«il 

IJl^ OlS'jliJ ij-— Jl ^s tlliLt» IJL^. LL'Ij jli"' ^I^S" 01 4(<oL- f yjjs *-o~~j jl 

«—j l/ ij^ (^ J 'J^- <*-* J"*'^ "^y ^!J^ 4i*>l^ iiL* C-jl5" t JU-I 4»_,W;j 

. L^ip o-Lv-^*j 01 c5j-^ /r jyjl-* 
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LaOi^j cejwjj «i$*il /»li L« 15" i jj-iJ^ ,«ip Lj I i ^jJUlJ\ c^I^j j_^-j (iL>-l 

JjJL iJLa ^j .UjJj ^ , .c- j jJI 4Jt?*Jl 4i^_^ ir^'j^- *-°^'-* fr jvJi'-6-' 

. Aji*».* -.p 9 «IjUij *j| j ajI jjp $ I ^iS" o~^Pj . . . ULc c— «Jw JLaJ r- jJ jjL* 
jj .ijUj 'V L^jL» «ud*- ^ jlff aJI j^ c^^^j^ OjNj jl5 (.a^z^zJ) jj*^ ij 
obopl ja iiy>r yi tr~? ilr^j) tjZ~J L Js- jy_ ij^^ li>o i_,:S « toUi»1 jS-"^\ jJ-P 

.CM /►<• a /i 4—jLj o jISjIj «. 1\ V>ar-*.^ jl L>L~>~' Aa5J-I •_• O 4>o 

■.SLoJuJl r- jojjIa S ; ,/t,->^ -.p ^JuiSJ IgJjSJ ^l^i^i-» 

j-Lo L^jLs csjISjI L-«LJi jv>- .4j»^a i jpp jj>ij ,gip jj-*V' jz~~^ L« L©j1j> 

li>o 'V 4-Jl - liLc S^iLJii j^p 4 : .,^->t_i> <j| . ^___jL <jy.J (_s~H ^-«JL* c^_ij>-j^ J, 

JLalplj hJjLs-j tjJ! 4jl . llJs "^Wj ^,^^-iJt (_£j^J.I ( JLp «bjS' ^P ^Lki _ 
I tk^tj j| 4j j_j l».bv..J o\ , L«l . . (^^^"1 «j^ f%-L«jl ji^" 2 -* i/ f 6 ' "i J «jj JJLf. jl 
i_JlSjJT. o JUj Jl ^>r ji <*~2 yn r jj \Aj& jl l .}ai\ y\ . . <Lj j jjl Aj JaJjl ^ o J>H * 4^>- 

. ijpsjij ^ ^.a....,..U 

t.y>\Ji £* ^>.yj jy^s Oj\jC J"iU- .jj-i^ Jil ^1p JJi JL» J,l cj*a Ij>j&j 

.A<a^-Udl iCLiJUJlJl v-» APt^jS^ ^ (j ° -^j; «jJJl jj-^" ^ r-jJjjL* ^La^pl jwy 
ISLtll r- ij^jl .AP^v-j jjl?Tj C-)l j JUl Aj^JsiJ 4_lp JjNj jl i_j>-ji ll njjk:,. jlS" 

L^Soi LiLf JjJut £yj,\ J^ oLjjj^J^I jjJJ c^- if.Juii\ jJLi^^^.- jl^p ^ 
t^jJ jSo i cjLi-l 4*Ja;j .Sjotj jJ> Jl OV' v_~*i t2L5w-"^5sJl iSCjlSLil 
.Ij^i^j» Aij^kj J_po j 15* <>y£ j jl jiP .r- ij-»Jl IJL* lil Lju <_$l r- jyjjL* 
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,jvu JJL! .4_JLii>- 2j Jaj J I ^>j-«i (jy Vj l-^i-a j »So ^ jot.lU jjU:U j I ^^ 
AJIj :>lp WjjUrtl OjISjV L c^ a - L * J^**' f 1 -^ 4 i/ ^ ^i^ -^*i ^' /T J^JiL* i^P 

jilil j}P ^>JLiJ» Jl *>L_- _L>rj ^ t(J>-Vl ^" ij>.\ jSj\ J J-la t l ^>^"jPr J| 

^LjaljjJl [Fourier] ^jy aLJL- sJ\ jlif o^\ J ^a^JJ «dip 4j ,jd*J U . ^>lil Jl 

. jl^l ^ J> LOp ^^ ^1 

i 

L-f-» c jloJ>Jl yj ^ OJj>*j i_jJbJb" ^1 tL-f* . (i? jjj t J>L- w"}lf>Jl Jlill Ji 

L^L^jI ti.iW '-i-\ J Jl cjUJlj v_» isJ*£- 5jLJ «j (_£ jl—j toLJcJI ,3Ll* «I LJL>- jlS 
jVl L«i .oliJuill ryA isi L^Ji ( JLp aj-Ul jj-^aJ jl r- jojjLf! (j--" jlS" .L^JL4j 

JlS tJjif- 2u^\j .Aju LfclSJl ajvabi ^ .al^-a J[ jj-^aJl lJl$J c__ *Jb jl *i Ja>- -Lai 
^ _wj 4_>vJlxJ.I ^ryljiJl jj-b jl e^il l Js- jry»l> <*jI tLj-wAJ aJxiJl iS-*-j£\ JLaJ 
3-/?L>- oV->l*-« J>-i i/Ai '^-^j^l oli jj^So^l «-isl^C.<Lsa>l*- oV-^l-»-* (J^-A 

jlif (i Si^W^llj S^jyJl 5t : ,Wil 7x^ia y ^ AAA>J.) r-jJjjL* ajLp ?t>ti> V 

cau-»j.l 4,/?il ,/j->- ikif-jvj» p-~^J?\ *~js y» Ps^tj t^S^/^oJI tbjjjjjjl ^ .a J ■ r? g_> 
olijj-!xJl 4JL>- (i 4Jl jjp .lS_Jl5Lll Jyly Ifrip (jJa^i (Jl 4— -L»Vl j-vLjtJl 
cJljU Jl cCjL)JjJlJ| sJuij «jjbijJl U^r j^l r /i r-jJjjLfc j U tojJiJl 
j «jOO^I jw5 y .Ajjj£ pSi V CL~w>»j c-b^>- i_jL> Ji 4_JjVI jvaLjtll i4_Jalj%il 

ItJj .Lw-On^-j 1j < J 1 ^j^ j j IJla jLS .i_jjjjj.l aji ^si» t(^ 4JU l5\-ij Vj ^^-j^t 
^JslS ^i i iCJLaJl |^ol 4j^iii ^ 4_wL-VI a^^iJl v^-LjJ tJ-Ls^^— j jjj ^ 
.CjlS'yLl aJL* ry> ~<J\Xi\\ BjiJl cljJjj oLilAl_j tajiJl ^j CjUj^CSJ^I i3y>ti 

i_-L-Vl jv»L«Jl aj-o-ll cjIjjj^I jj>J i_3 j-*- .aJS'jWiIi Ijla r- jj jjL* ^«Ssp Ai! 
.^L» jiP J^-*^ VJ o>li jj^So^l cjIS'^ ^p jol; tAi tajiJl <*j!jj^ ^ 

JU-» aJlP JUj >JjJj>- L^P r- rJjjL* aP IjSsJs t I g -'J' B S^jiJl C-?-j\3l JLoJ 

Li^jj La r-yJjjL* ajii jl .njJz- Ji?-V (_r^^ ^ Lg-— <*j cu>-jCil L^Jl j^p _ 
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Sij^^aj tOj^J 0* r-jyjiL* (JLp Ljw» l _^o i .l-XJL>- t [W:T l+yL*!)] jl jjp 

CjV^L*-* (i 4-^"^ CjI j>jc3! o Jl* r- 1 jib * 15 J^j>- <0\ jjP . 2L-jLjVI OjJi) c->1j Jj Jj 

»_i t(_5 j-^r O ;^ j-ju cUjj 4^ 4.L—L^- aIj^jUjou 4jj>>- [j\ju\ L f j j^' i3jilii£ cjIjL~>- 

jir .Uli! ^ jL-iJl Jp-UI Jl ^1 jLkUl Ji-,1 jjj, ^ ^j.LJl ^ 
J,Ul *jJl jllai^l JjU <^i i_J*5jj ij-A-i 3-j-L^ C— ~~>- («i»- \y>£-} l ■ g rl>« <^->-j 
.C~'Li^ j^iil CjLjjC^P ou^aiu Uli! ^s ^ij*~ /j^i |^ l>i-*j - Lijv 5 /«—'J' ^ 4J' 

Jij t,JjV 4_lb«J\ »-r-'>^-' J*^*" hj>^- ^ iJS-M J6°iy>jLJt, C-JlS" .jL-iJl _^ti ^ 

.^aJ| y«Jl «-IjJfcj Sjjjtl! -jp j «i»- U 1 1/ 3 ^ *^-« *-sIj >i ljc>t^« iJlJJl c^»w»l 

cjIjla L^jjOJ .oLll j c->L)l*]lj jLJrt ,jl tijyJaJi J,l »^j*Jl LJb ^j«j r- jyjjL* 1 
.«.Lj-a5I ^1p jS"^ *iip Jjc>o jl 9 IWt.^I Jj_>*1I Ol^J.1 'JLa ^ .<u*ij 

paX£- JS" ^ \jjjA» (JjVl ^«JUJI ^ ^^alP JS" j-» jj>JJ tA^Jk! ilJLpVLi w 
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JlJjJ L^iiUal c >rjfj >~J-^j t4JLJL>- «u-g-« jIapVI (^1 /S^j .5_JUJl 4*JlIJ1 -^ 

j£ fi\ j£- "^jL>-| 7T jHji^* -^J tLtllaJ ^->jjiJ! oJufc JjtJr o-LfcLi-l <ujjb£ ^ 
Lg_u 15" Lic ccjLJbiJ AjjJrl <^^J tvL\p c^JLS" .cjL-^LjjJI V s-Ijj^I ^JLs- 

Lcl tr-jyjjL* (j^ali- U_S tlJufc i_Jj«ia]i Jj-^>- ,< : k"l i^bil SJL^^iJl .cJU J,} 
L—Jl . JU-I 4jt>j2j JLgJ^I (j^aJtj f Li" ^*i - ^i^'^i' a-^* ^ O-^j JLi3 . SJa^yll 

. °"' « Jjo» JLf- j *£■ \]aj J t LgJL* LaljCjl /r 3 ^. S-'j 1 ^' a -^'-* Ol -l^il^l <\\ 

^ 4-X_jlSLll iiUaU A_U?bj 4pLwSi Cf.^ ^* ^ i_s JL ^-' "^ .oJbJjl-l ^SsJlSLll 
.Jp <dj_^2>- ■-*> ,/?j La .IjLa />5sj i .i .j Jjl 4jL^>- ^IJ^eI^Ij 1 g :p j t>«-» tL« Jj— j 

^lp AjLjJ! ^ J-s^>- 4jl jiP . JbJL?r j-» IjLj jl <ulp 015" Ijl^j t«.Lk>-Vlj C->VjJl 

iSUaJl i^JlS" lili? - 2L«»JaJ.I iiLkj l jijtl) U_j iL^ju is^j ^\ \1J^~ ■'"'"" \±yS\ 
\^»y£~» ^bvJo jlS" JjJji-l ^sJlSOwl 4i5^Li jl JU-I , .511 ^y> oJUL» iii j.»..^ 

c^>>-t ^1 a^LJ! «^VjUJ.1 J^ J . \i^\ \j~^ ^ (i <u& laV IA* O^ 
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r-jJjjL* jl jj' . LgJ-« 4~jji 5j»j_^j j' aJu^V \j>f<S>lS i»iij%. a-Apli L» aIp-j* 
j-~ij 3-^UJ-l a-— Lili c^Y.iUil jj-b jl£" jlSJ . I— -aJl iJl* ^ s. J* iS^. *-*j ^ 

0-XpL* jj^j tAP^wJ' J «_Js J' /-P A-j J»J\ ~kS 1\ "Jlji-jJ rjjj '_ k—-; , ^_J LSwi 

. \ 3 : ..*j a*Js AiUaJl Jj>-U 

jli cL«j^jx^ dj>^d\ *■ bci^l ^^Ip ^^joaji i^^» jy *->j Li^ljdlj*>b. j' Lo-5" 

jl JxJlfx;il j^jJI a£Us> i ^Jo JJu *i ' ' L*^ Aik^ Si^J^j c j Y' L_J>-Ju^ri r- jy Jjlfc 

.Li^lp jlff L» jwUj L«jlj IJl*. jlS" JL«J -lS^^-V ^ 2_»j^SL» j^>J 

Jsj-j^ c^Jb iJlJLil .^L>LiJl <J| ^-jJjjIa r^- 'f jJl ^^ j^ ji^j cL-ij^» 

rl*j C..,?? g i -Is -~<^ijl C-Jl5 ta^«-v» ^JlP -bws C??~ J (.AL^ii j>J j' j^«-*jl 
o'a-lUC. 4Aisl Jjl _*^^>_JUJI Ajcil \JL~£- j j-~ ■ '•'l' JlP jilidi . J«J »1^ p-f- « J rV aP p *J 

ljj-b>- L» «■ -JJ 4/f-«J- 4uL>-V _p *& 



11 . 



^ ,. ( _ r Sjti]4Ll5 dj-bt^l Jl i— j^viaJl a_Lpti -SZ i .4j>^pji II^ iJliA jl j±c- 
^J 4Jl j^p .aJp l-b-b>- l~i I J-* jLS . ^ <-^j^' y tjjj* 3 (_£ ;L-j V jj^ h-'j^ 

.o.bjJj »Ij j-iil 4t,/it51 L«j <Jl ^-b^l L. 

j!_j (t^glaj <t«JbU j' ^ i>Ji c5JUl «_jL-VI ^ (Jjj J,' Lgj C-*j JjL^j ^ -^v^j 
l-Jj-j «^(^ l$' /r^ *— *j*i jr^ r ^^ Cf°3 '"S;^ L*L^ Sjs^sl « c~-~J LgJu j jj-* jI 
ap «A^f tCjU^>"^>- •_« <*JJ , Lv» y L» -?-l a^^oj cjjj' J aJI j^« aJI jjp _ i_iuiSo 
l>_JlSv_« i ajjWrll axjj^J ^^iill ij^>j«J' l^-io jl L^JLi /^ j^j^J'j j^>-iV! ry 
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A->jJl ^«j^jL» /.p (_^Ut 4jL»p jb t (J, « _/>>-' bo_i cb>::a< OIS' _Li! . 1 ./rjl lili 
C~><-Jl /r* '■j^ ^^-* ^^. *r' J^"' '-^-* ;Ji*J|? j'l /rfJ-^J »JjJj£-I <U*_^> \>*^a /-« 

<ol b«l" <*J^ Cjji^ jj J*>U- <dj jiaii ip j ^j 0! (J^j J,l J-*jJ . "I J-* (i b$_>- j l~i 

."<ui jbJl ^Ijv^J jl 1 4)1*5] ^1p ^-?rjii 

^ ji (I <b! Jl v jUt ,d jy . Js. Us^- ^rjJjiU ^^p l u**j* J 
c~>tJl J->"jlj »j£L» Ojjj. (j— o-^- .j^i^ "^-*l <J^" '^1 *-* 4ij*l LS i^i b;, «u^o- 
jb'l cii'UJl v-^b^Jl oljjUl <^i Jj^j j^i ^ .Zeitschrift fur Physik Jj 

-iSLwaj cr- Ll&l iJL>- iob>-lia ci_-j«-« i_j »l~ub 41P ^oill c* j jul r- jy jjbfc <_jI—~>- 

I j-bi cfbj kt-Jaj -Uj Ljb OilJtJjf ALi . oyl tLLiV 2bl jjl ^j L$i 1 C- jl^. ijlj.il 
. Jj^^-Pj ?t— >«-rf» i jj V j g* c^ia-«bi- -L>- IJj r- jy ub* Lp jl (*-Pj <*JLi obi 

JJ ( _ r Ja_~pl 4jI_$J L ^ ^-jJjjL» ^^ail c^lfJ^ ^ «Ujv^- ^ ilil 4jS/ j 
iSLjlSL* i lL~>o <jL5 te.jpr c^ij^il (_jL j-'ljS' iij^l Lc.j" .bJb jjj p- Mil 

«U 4.».,aJ l y^jy T i ASiL^» ^r*'^ J^" .<Ju2jL« jjP 4-tfj^j. <*J Jts liSjfc i"*^il 

i j**>j^ iJ' J>^ '(T jVji'-* Z'- 4 ^->^£- 4Jl yr .,^1"; . JjV j^Jla /»• r- jyjjbfc ilp ^jy- 

kilii Lg i>- Jt t5 JJl cr-jojjL*DI IJbr^^all^» .j^j J,l C-jjJ-l IJL*^ Ll^JIj 

. <ul$i^[ LS i5o U ^»1 ^50 Ji ji t^r*l^ J-* * j-^- J o jlSol j^ Jj'I j j^P dJjJl 

ISvJlS— 1 jj*»-»! l?^ t Jj.,/J>tJj SjjLs^ J& ;«.(_^ j»- rcJjiAXj <i>*j r-^JjL* I-Aj 
0_>- ^ 4I1UJI .J^L-ttSJl Ju <*JUJl C->li*>bJl ( JLp b^rv^»- ^^ g ■" Aj^liJl »>Jl 

.S^jUrllSCj^loajh^iJLPljJlia-l 1 y !Ju«>:4]i^*>bJ]UjbiJi ."iii^MJJij-ll 
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i hj& i_r^J 'i*-^ iSLjliLi L-L*.f c->«Jl 01S" .aJl*! oLij^^sJl j! clj-JJ 
.Uli JJ? aLvs»! V^js* ^iJaJ J! ^ I «i-* 015" bl L* Jlj—Jl .*i^l lSLj\£~» 

Ljti« i ^d« r j t[3LJ-i 4>^_j] joie de vivre [,*^«jJJ «Oj-u*- 2j>*i;] LS ^>^" 

."^Jl5J j!j3-l lS>-' «/ OlS^l t^-*^ AiJ . . . J»Vl> 

Jl J^iL* l-J^ JLaJ . Lili Liilii 4_L*i i j cjlS" tjtt ..^atl Jl^Ji Oi^-^' C?' J iOi^ 
L^-S j jJJL*j •p^l)^- J . Oj^-5 Ajwij^O <Uii_j r- jy JjL& A-n^J -^-4J 4J (J jjL U- 4 J 

.«-SOI IS—tlSs.^ Js '- r ~^ 0V~ '^-r^ ' — * fi>\ -^ t0 J>r*^ •* J> ~ J^ <-7T «■* Ji^-* i*^ 
4jl JJi kiJJi JL10 Ji-I^l JLiJ cJU-t^i^j .JL*j j-L^ Jii ^'UaiJl -»5U-I j5l> 1 

-^<v^o^ 



jJu\jA\ fJtsmUU 



(*Jj£lt £lU*j\\ £jj 
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( _ r ojL) 3j«-aL>o ^_jl*il ^15" ^ ( — jjjJl 3jla fLipi ,*-«j^rl 1 1924 ^^-oJjJ ^ 
Louis] J&rjy. /S* iSy> >* ^-^ ^ .»\jj^i *JL-j <^p ?- I» Jl p- U^Ai 
a*aLJ! 4Jj;-^ ^ ji-\3 iS^j t LiLp- Ov^Ajj jol _ / **Jt ^ A^W '[de Broglie 

^J^r)y. (S* '"J^ C-^-l .lili i «Aju V./^' S-r— i J 'Vjl (J^Lc- '-''J J J"* S-rH 
i jlijJl i I j .^ C- <_£jj jjlj jl5" .Jv_ps~~£- UsLvisj tS^U-j tiijJ jL>-j L-Jyii 
Sj\>J r- i AjjJ jlS" AJ\ jdZ- , ll^L» «L J l)iXi jf jjjjvJl ^ «J jUl <_£ J .^jJ -J-M 
OL^-J<-i~j ^ "UI^—JI *btJi}f\j ^LaJLA jl jl* <_■;., f? I l -jj jj <U>_^I t^j\_L^ sJj«j 

«u>-( Aap j«jjjj *>L» .lllp 0«>o jl «Jb>r j 4^1 3__Pj .XJs> j^5 « tJ^isP *-aiLJI jyl!l 

4^JL«*iUl Jly.^U Ma::» aJb-_o yu^Vl tj^rjji ij* l y>^i\ <.^->j^-\ J">^- 
.2jjJjLjl A-w^JsLi^ j^^Ssjl 2L>- ill 2^1 b:H 2_Juijl!| 2-*-iII J$^* A&^i (*-L*-> ^~r"~ 

. Jl>-I Jb lJLp JaJ»tJ i jjri: j 

ajj-^> ^j ujJaJl jjJ-iC. 015" lij .S-Jjl o^^i <*J C~LP 1 1923 f^-P- AjLjj ^ 
Jil ^^Lp ^j^iil c5y-J>l ^^ cLg^-i 4 - Ljt ^ o)^>. J-U— J j' ' ji^-W CjUj^i' 
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liA""^ oJ-^U Jy C~*-o->- 4Pj li lg-^A ^L-b A^>^- ic^TJyJ -API tiJb^P ^ 

t4ify>«Al »L-j>- v ^L) SALAl E = mc2 aj^gAJl Jiii^J itabv»j s- Lo^AJ 4_«^JkJI 

.jvisl 4>Al J As C-JLS tv- jvjI «_j«*ji-l jlS LA} ,4P ji*o i] y>0 ^_;*v^- 

^^Al J AJI ^jj Ja ^^ aiwa ^^ ^ p\ ^ (jl IA* JIS" J* /^Jj 

ij^SJl ^^^J J}- 5 -** rt-gj i->^-i t^li* (j>j i <J^J ?Aj>t_jAL) <L--i iJjL- <_jl> 3JLJL>- 

.4iiV *>*p ^ jtpj <.j*^ L^p Up ^Jl J>: Sji ^ aJ^ ^ j^ cP j> 

t jjjOO^I "^>: y» O y' <_A*A? t5jA*o -J^l Sjiai lJls^Jj ApI AIsAs OjSsj t> A!lj 

JAxaj ' l _s^J^' J^" i_3Liui>i aJ">\J tjJliJl AALi!l ,i aJ^jj> 5JL>- (JjA~j L*t» 

"_■ ■; f J-iL (3* ) 

LjJ ^Jl oLAiAJl JjUsj jUnJI yj oL-pIAj a_*L/yi '^^ o\ IS Cis 
ry> [^>^a taJiP j^j «jjj 4^-lAl iJ*>ls*>U Oli tyjil Jji> i_~->L> ^>t-v3 jJLp 
i_>UAl 4jl$j (_/ -^ ,i Vj^-U J*J -AiJ^Jl -^ v—^- Vt.^ 1 Ojy^A^I Jl^l 

. Sj Aj Ali jUj^l «.Vjj^s j^ L> _j^p jb 1 

'jp. (i W' 1 j^ • 1923 f Ip 4jL$J ^ I^Js> o^. y* ^^i iJ^JS- ^ J jAJ 
i] L* j!5" idJL-j -^p apLsj i (U^i <bw=> ,J0 j£- uy- t*i— . -bu Jj^ LiL>jjtl 

l»^jl jiP 'rhji^r^ 4j^5si i Ai^-A^l IjjiAiu^; i .<_^>*j bT ^b I aJI~>- LgJl L^ 

cli 2V»_...,II jlSoVL; j*yA^ tjj^iAjjl Al A>- jji (_^j LaP •_• 5^_J j^jj>tL<Al 
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.jJ>^\j \*>- SjS- Sj>-\ ^ 4jl jS- 

jUJl jiy>\&\ j* j Jjj j- Aiv j^Sl ^Wjy. gp oLS" t 1892 fl* jJj ajV 
^j j=-^y>r Js - OU-UJl tb^-i - Knabenpysik j^a^i-o jli' ^ JJI jjy^l 
t[Erwin Schrodinger] Jr^ir* Oi*ji j^" L-W ^ ^ t>^ -l?^ a^*-*' 
jJ4) t_j"}lj oli tU^iJaj Uit)U-l aj^^u^pa^V tl887 fLp Li ^ :>_^i1 

i J3 ^>- .Lali>-lj ajLS^JI ol _ sL-J tjy" JP C-ij^l . jZ~s- *^LJl j j_i5l AjL^J 
L» jJ-ij tf^jJl ^^aju <L~*dul « ta^^l cSJUlJl abL>t_^j i_ J ^P tSj «jUJl 4_vj-U.I 

. jLajj^j jb>xil •_» a-jI—jI Jju. c1906 i_Jij ►>■ ,J cl~* 5jt<L>tj >*r-i ipi JptJl 
Jj"y t4_3 I^JU A^j-U J^l .4Jl_L_C. jli j iJjljw wlg-A H-J^/i-l J">^ c^iJJi Jbu 

^L-^fl A^-l <Gj» jli' Jij C6 ju> ^j cuL. t[Fritz Hasenohrl] Jy^jU 

Jut-j *T o. " .,, j I jl J^j .fzJj^A i 3_^ljjJJ 4Ili_L» jjlJt; (3jj vj^-Li^ ,,l!l ^L~J Jl 
ft-j-^l .4j C_JLP_j 41^-1 l\y>\ 1920 flp r- jji 4 4jLOjvt»P ,i A-iklsJl ^jUJt 

Jjj*j j^[ Ijjy. ^j 1 <o\ j^p '^y ,Jlp ^j^il ^J^\ tL-JJ !5L>Jb cL^Jp J_«jj*j 

al^l j^J 1 tolaki fl— i iLj% ^ Jliisl AJ*>Uj jjjj AjL^JI ^j .ejj\j£- r- IjjJl 

•O^ «^'j ^JJ 7 gs^ 

tCjUjj^O^I aj^' i "Vl^pl jCJ 015" ici_j]l jJJi Jj^-i •s-'v^"' -^ ^* dr* 
45"^!j ts-jJaJl jUuijIj t^JjSJl 4*-i^lj cAJUaJl j^ljtjL! ijjJJl -aJL^ajI-lj 
ijljip^l jyo jj^y jL^p^l »Jla Jjf cJli" Jij _ Subtil 4 : ™^Jl ij t^Jjl^Jl 
40js^L«c» l5"Lij:. jj^ aJI (t-^jj .3-iLkil »1p ^i A^ojtl jj£ L^« »jl>-Ij Vj r^^ 
— j «j a j j i iO>U jjoO^[l jl a^Svj •_« yij . L» »>«J ^1p UjJLsj Jj«j >t^ j^pi jli 
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oUjj^S^I iJ^Sf J^rj^; Jijt S^LpI J_^ vj^i jU-'V! olJu j! L. 

^jSo i jjo- ^y .<U~iS t^e-iJl (J J 4 * g , 4 ^ijjJaj C-s^il Cuylp j' f^f- <_Li CJj^to 
t__JL-Vl 4PjL> SijjJaj ^ii ^joj^pi jlS" tJj^JiJl jj^Vl (i ll^^» icWjy. c5^ 
•J i o^Si <l!p cj'iy^L* \ Jij (cA-iJl (J^J^ <■£* h-j^ WW^j:. (jJjtj .4_siL^Jl 

^j i ij ^A)\ \j,J-\ aOpLill ^j t-^jjU 015" j)s>- c 1925 flp ^Ji^aru ^ 
t_-^" t Loolj L^LiJl uLo- ^ o Jul » oJu JL^-\ o Jii i_a3jj jLo-iJl _^>«j 

.<_$:>lll i l*Jl ^ j^^iT* 4j jj Ijjb t_— ilj . _^,j^ (c^j-4 jLs^i "kJjj olli" 

Q4 oL-> v-^ L' 015" ISI j^Jj .oV^-Vl ol» Ji» J5j iaJLaBj 
. JLvaj jl ajLiCLuol l_j«-* « ^ 0*5^ JLia t3^^v>iV4 cj V^- j ol>- «A. t _•*- 1-> ■ - 

olJj£ '(J^rjjJ lS-^ cjL>-j-4 i_j1^p /|P jIj^i^jLj cjJLj^jj jAijji jl5" Ujup 

lajj L^j! yb L>r j^ (^i ^>cj- <Li |»_4iJ U jLL» jl V [1^5"^]— j»-^ 1 ^1] aJ^L«J.\ 
ojjb ^jbL» •,£• LlJj (J iii V L^Jl . \ g : ; <j 4Pj^_j 2Jy>«jj OjjOOb ,^r y Jj^ 5 Oy. 

iA^^JsLi-ajj^SJl cjL>-_jil i4^j^>»ll ^5L_^">l5ol ij»rjil cjl5"y^l 15" J.I 4.,.,,, .j 

cJ-ijJll; (_$JL)I «-(g-iJl 4_siL> Jl 2jjL»il iijy - 2LJ j^aJl cjL>- jil t^lk~>*il CjL>- a^ 
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ji J;.,?.!! t Juts ^ t^i (_$i i] La .-J aji jJ> .«-jJbJli aLi^j ^ JJl jJliJl ji o^aJU 

ijr A*\j ^jj Cr" A - ji; A^iT* Jj*~ ' 1925 f Lp ,j^ -i">y>l -^ 2lkp J"}U- 

viilj cJo i^ VI f-*lj i^) ■^ijj-^' ^iy 3 ^. tj^jji iS^ u**^ v-f-j^—^ ^>:y 
L^ji l*^j 'y^-^jT* *^- Lf. cJji>- jjl jl^-iJl ^U^-^JI cj^L?- ^ oJ^-lj 

.4SU2JI 2Jb f jj <ui ^jW^j (j-^j J-*^p *-»£>h Vl*r A^jjSi 3Jil*« C-iv£»j 
A-JLsf Jslii J^Li ^ JjiJ-l j-* :>j-^ i-lP Jj *tal*il ^ajjj* tojiJl ^ jJaJ t ju>- 
iL^laj ^jU 2L»jaSsII liJIS" .L» i^i» Silis ^ ojiJl f-*J?j l^:« IS" lic iaiS'Lv 

3Lii J,l VI <d:>U-« ^^aij" V t WJl IJL* jij . \y^ Ji-io U_i j,Lk. <jJ dJJ-iJ li 1 ^- 
C~^« jL^" yjJ CjUJbJLJl ^ A^Ll» 4Ji* ( JLp J yai-S ^y L>jaP jiSl ^j~J \1a 

■^ {^° y ij ^ j* Cj* 

J,l 1926 f Ip cu^ ^Jl oJboJl aJL>oI Jb-f ^ yr-ijT^ rJ-l 4wUi ^ J-iit 
L5 ip V t>»-^J,i £-^J J-* J_^»Jl tA^j^i3l ojiill -_^i jlS^VU oVl ^r^' ''-'l 

.aL~J-u aju Jaj /pJj ^t 1 * . I g "^' l (k^-*^ ^T **l JLju v^. ■■>•>- 
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UaJLiJ CJj*r\ lilil) .«-^JLa ^J <d ">ljls Lj^r^jji' ,J,| SJLj J^jljjj^ i S .<j£j> Si 

«1*^1 ^ Jl—J C-JlS" jj *J — r- joJjL* Si^i» OLi bciL» C—^" L« j-li . . . LL*»\j- 

.ajj^l diL" j u 1-iSU _jl tSUi l Ji~.y&\ flkJI jl»=~,! aU ".lki-1 
iLLji- LL-^Uj L L ..J iilj)i — ?r jv k L* ^jbJai (jjji^Lbl 4jL^j L« jlS' J-jLilU i 

JjLlVl *Ja-«J A-* J-»l«Jl Jj^i cJijJl diJi (c^" J^ tS^ "Jj^ (J-^^* l ^^' 

f- L»-i>-l j j ,^-L t- jj_«L* J| jUajiJI Li^u t» j Jjl r- jojjLa i_^Lw~?- L*jUI Jl 

^i>- t JjJjj lyL aJj^-aL» ^ w^ ^' ^>j • ^J^-Vl V'^j^' S^jt^J^I aJAap 

i>* J*^" f' J* S\ Lf°~^ ^i '*-^^ 4-^ .r* 2 -! 'M f J- 1 ^! fTjVji^-* J^" ^ J' J*>«JL> r j^i 
<UP [Lju -Aju Aj\ jj *J jJ-ij ~*-*J .CjLJjjL^il ^j>>- «_ oli l_* .jC- oL. isb Jl f' i J 

tiiJi tj^'i • *-* tj . olw^ljj i Lc- j aSvj jl ^ <__p j Jl j L« j 15" l ju>- tol &i^ -L-« 

0\-)L~?- ^v»LlP ,ji}-^ lV^"- •**-" K?" J AJU Jau CjMtj'll./sW «UjIjLo « jy^oJ^J 5^_Lw_5- 

iA*j^» «-j-o-4 J^-i ^ 'OVI l5^ Jj^J ^r^l L«^* ',_P^ ^*^ (^^ Tjv'ji^* 
^Vl .j*-\ £-±>j Jl L' c5 j J £-i> j j» J >^ J,! ^p^j^II ^ ^_^ J^ j>-^; d-^ 

.^j^a\j Jl yo aLilLa 4^>iJJ 'iL^'l 5ij jtil ' -jU -o .^U , 3^£sLil-l <_j j%kJl aJ^-li Ja-^aJI 

._b^j Jl i>U>r^l Jl oj15 ^ JJI yb 4-^aLi^Jl ^Lj-iSl ^i <_JLi!l 

jjLftlL) , \;ni* (,'^k^£i\ ij^-yi CjLvsIj^JI -j o^Li L^-^ Jl jV JjJJ Ja*-V 
jlkiJl cr-j_^.L* j» Lot» jlS" (^JJl tj^j Jii^l t L. ila^t i .*^Jl lSLjl5Cl 



157 f.J^\ j~Jl CJJ 

jl jS- .oy\ 'U-jjjj r*f0\ L» t~ j^ 1 «gl"« j AiLiiSu. ljlii~~> jju A>- »i i4-~ij 

«jj^ tiJjl Jpl ' .4P.JV ^-«J^^aj J^" jIj t<»-|L>i-Pl tlJbJ ^P <_— ^><j r»- 5 ^^**?! (^ J,JJ. 

cJ" [^' ji^] 'J^ *J' ^j>! ^-Jy ^* t"o*Al*ilj 4LJ.I [aJIj_^-a!I] AJ*iV5LiJL 

I^Xjb ."ajJj^II j^ <yja\jj\ il)j\jja±> <J\jjJ>l\ r- jyjjljk jlSil jl »1 ^j VI fts^ 

.C-ilijft.AU lisJl^j:. JJU L-P Jyy cjj^, (_£JJ! f- _yiJl i \jjl J-ii^l 

i -j>o t>- i IjLa .<cjt.jp •_» Ja-ij jijl — Jl «JL^Jj 3jy>w s- _b i j »j j I j^ 
J-—! ^j %>IS' Ijj^aJ [Pascual Jordan] j^j_pr JIj£L*Aj oOpL~. <usw> op! 

Ojjj Jl |»-Jajl Pfadfinder 3-pLj>- j^ aSIjj £_» ^L^ <*^jj j-«j r^j^S l y 
(j jjl _ tiyd\ JU-^I c_?o . Dreimanner-arbeit -> <-*>*j ^-^1 UJ jbjj^-j 

. jil 4JLjLv£> ijj •_* I I JJ- Jj ( r^>-l tli-ftj <U (_5-b>-l ji Jb LjjJ! 4^vjj- j iS -ya 

i<u>*Jl oL-Jsbylj <~>-j-« Iaj^-j ^i!l t cjLJjjLaII lxJl>^4 4._„o.,...j <u>«_*j i 
Jsljcu'ylj «jP-Liw» iS-^*± <*jLj>- 3JLL> jj »j jli .La j- 1 ^ /jj-Lv Jjj^ <L»j 



jji oUjjLaU ^o>r ^1 J\>- "ipljjl i 4jlp jlS" r- joJjIa" jb -JL- JLi! .L^LP 

jl -bu, ^1 tJ^pl Lkj cAj^laJlj ol^SjJ jl Jp-^.~-Z V LjJl .r- jyjjbk Ljj j»IS Jl 
.j»j"^Jl ^JjLj^I j»IS^-V' jLo-^1 j>P L«J- o^^iJl fliaP j— ^J jij_pr V»— a ('L» 
4^-i jJlL /,Ssj i t^bjjjiJl jva^lJl 4-AjjC.*ji1j /fSvj i 4jV -Jj_JJ S- 1 '- 3 <^ \jS*J> 
"\i-\j)\ i 4jLp j 15" r- j>i JjU" OJ *3ji j! jJLj . Oj^l 4j (^J^ C^-^l t^ -^' (j"-^' 
( ip Ai^U^a jtp] 4^pUi5 4Jj^ «Jjj i Lp ^^4 j\5" U-» yu^Vl aIw. j jl ^j-w=J 



W'v 158 

frLip i»L-jl ji i^-j>-j3\j cjlijjL^il iSLjlSL. Ji^ 1 <.y,\ ja j£j L-g-»j 

.Ijjj-^s IjL^-J _^-j -L?- Jl O-b a— oiJ c-ijJl .i .f- j^ -b>- Jl sJ^ijt> [i-jUji./itl 
*jlj JSJto c-Pji^l L^Jlj c\taW;* iaJL- Igji AwsL^I tL^jLJ) cUJLp ,»-pj jJLl 
^Jai-J <^Jdl U j&j i _L?r IJus. \£ .^\ hjk l^j c~-bl ^Jl Sji^Jl LUalJl 

— Ojy. \L^tj jy$> A*j .J^> c~>bjl jjJl ^pLill i?*>li?-l aJU- o^-t,...! 
i>* £J>* ji'-* L>JlSL. iUi[ ^ aJUI 5-fc^il (jutii" J^iL J_«j J| i_jf c j-ijj^r 
-si>j| ajL^ ^Jl^x31 ij Ajjj^aJl j^yr ^jj-Jjt! yw> f yjJl ^j ^jjLJI 
tjd^l Jjj i_j-»j> t! j) t-^JJjL* jy^> AiJ cl» «^ ^ . ^jLjj^iJl Lfcyfcj^ -^p 

(j^j t*Lp Lp JiJ V lJu*> JUj dJjf j%p .U* 1 jj& Jii ttLj^jLll ^ JbJL>«j olj 1 

. Jj -la» oL'i c~i I 

f 1-b^lJ ^lk~.l j^ ^ Jii ^J t J**Jl ^ £j£i c Jyj» li* ^ J_^ ^ t 
Ji^-jjO^I i?jla>- ^j y\\j_ 2JLJ^« JLLuil i L^LoiaP Jxj olij,a,,/gll l^LjlSL* 
. Ja-^Jl A^-iy: ^-b^_oL; olj^— »AP JJ jjj <*j Ai ij, JJl 4~~ij t,^' - yLJa.ll 

Jl_5 c80jJji.l 0^ j j-^Jl *jji; (/^«^j Jb- <J* J| di^ Jyi oV ^>-L^ ^ c~J" 
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Lt lil liLi ( -Jt> 'V ^^SsiJl clijjL^ll l^JlSLjr. j-«j«j »PjJlj c^^-JLijjiJl , hta 

iJl^p J_^ -u^" jjf c^-of-j 1925 j^iy j &\Zji\ j* Ojjll OJb- 
Jjli 1 iJljji 01 j^j .r-^jv^ (i ji«w tUjJ j! Ip j^j t[Paul Dirac] 

.iJL» elif lL^j JLc- *JLl»i <uSo (.rSjyzS J,l Oj^j' ^"j^j t/ fJ^Ji^* ' 

.y» ,< 't» •£ j (j iJl ji /j-o-*J .A^^v-I c~aii>-l 01« iOij y>r j 0j »j o-lP-l Lc, 4 : ,,t'l 
^1 ^^1 iJpUJ JiiC JJaj UU.LL" ">ULp JLs^j ^ K?Ljy&>\ iSCjlSUl 0l5"ji 

. <b iju <uL Jaj 

OjSC 0^ 1^5" dij^l ^ <il jip .lLUj JS" ju ^jj IL-Lj i]Lj> 01 _jju 

.J^Ja-ij-» *}Ui> OK tjyiil^ ^jwsljj ^VJL^J ^jj • *S^ LSvJlS-j» LSvJio 0lS\-»^Lj 
illjjj LL£ O' jjP <oliji*ail O^lsiuL jsy^yr ^j <:Ui*Jl 015" t JU-I 4.»..,Ja.;j 

lil Up 0jJ«-L-i 4j_j^>«_l!I isL-jVl oJl» r- jL>- «-Lij^iJl «.LJLp 015" uUjVi Ji 
*Ip «LlJb i o_^t Oi>- 4^>-^il j4-2jj& iS^bw <o C-La^-I ^ JJi , .WuJl tLi>-VI 

v_>^3Ul f jJl ^ 4jjv>- ibl~> ^jlj^^Jj ijJr) ja Lili aJU- oJLS" jlU . 1926 
^, <ui_^ ^p 0">Ip^* j^ ^">^ 4 ~ , ~*' i£ j^^iJ^ "^ (^ ^^J . e-L<jLst!l ^$jJ 
L^ejsbja t , , tu cj^JLsis v^Si i 0J c~i>- -^i] J jJL i^^f tCjlijjL^all LxJlS-j» 



5-hJI i V 160 

JjLp! Oi) . Vr^l 5Jj>L«ll ^JLaJ jl^SCc^iJi *jLJ| y^-V 1 >* -iLi^»— yt^i^l 
j"Vl j^^Jj^ i ^ J> r -*-"^ • <— A^* J^ ^ ^^J oJlLc* ~L>- ■ " )U . i./i'l 13^_J lSs_^a O I 

."ujjLi^r 

V^LC. L*U!i ^1 ijs^b^il ^ Oi>i i_£Jl!I «^JajJl *-*>L*9l Jj *50l iSLilSL» ^ 
jlS' l j\>- tjp^M aIpLj. jl l _£-ff ( _ r P j£-2jji> cjJJ- c 1933 f^ -kjj °>^r < *-«J— J 
lS^LxJ.I j^J r- tj iL«j| j LIA-* I ^j)*j Ji c2^>- Al <J^L*> Jlj\ a>*jlJ\ , i Jl^j^j 

"."^1 

4jt«j>til <j^L>- Al • _« <L» i?- A> ajj*-^ ^jLL °^p j«J ♦—- j>-I 01 Jp j£-2»j-% j^s\ 

v_^ 0-* . C->L>-j_4 j ^iC - *' lP (J^r 5 ^ ' AjL(g_jl j^ • I ""' J *, c~"-i (*-*'_r' (J-^*"^ ^^-^L. 

jj .SL^jL» oLjj-S" 4jI iJL* 0_^Xj z^Ij cL^-i f- LWjLi! V ti-^- 2_La^» iiL* jjSj 

jl y£-2tj& L«l L« iJlA L C -£0 jyi <U.>ljC* -jp SjOlL* IJLa •-* £.*<£ j» Jj > 

iS^JlSLl A->-^il <cjjj ,i f^j-- 4 ,> »jvsL< ,c^' 1926 j*L^ -^ _^Jjj (J .aJI ^hai 

5> LoJL^-Vj 4jJjl « SjL JJ ■^►-Lgjj »5 •-« ^jl jl Aju <.fzj j-> i r- joJjL* jl5 .*SJl 
LjJl lJlS coL>-_ail ISLjI^L» 4_«JuL" jjjjl ,-LjiJI ajLJI jJJ .IL^l>«_£ ysfjjjjvi J.I 
Jij c«-*jVl j^sjji' A>*s-\ aJ (Jy i 4JI ^p .2j^jT ^k-^Jl obL*J-l cUj^>- 
{.Lj-jiU L» j jl lil t JtL-J JJL) .OjLJsIjCpVI *&<-> /j& r* ■."*} -j^bM ,j\j ■_* i_aSj 
J »^iaJl yLiJl «I Jj-i? — « _^SJl J V I jvj*j i_J*-So ci-iS 4J.,^?tj iJU ?T , „^" jl 
o j w? i JL t j_iij\ jl -!p «jAiL-o i--j^- JLftljJj iJl JJl Lj\if-I j>^J' j tij aS" -Up 

jju , Ll=> 4JI ,±Li> V c5-Ul t j^i jjLj /y» 2^»c_^u 3jL>ti^l J jL*Jl IJl» Ju\ 

. cul^~- Ju"i\i> J-S 4I>- J^l ^ Apliji i njji ^Jl r- ^y JjL* tbV ^La-^J- CjIj^Jj 
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J-xj (1 aj <_^ i_.tS JjjJ ,-Llj -ck-v j «L^o .1) aSwJI <j^>ijj t^j «jw 4pLo_» Jju 
Aj^^st KjlSL* v__!j *)Vj Vrjil iSLilSLil jl jjfc *UJI ^UlaJl Jl" J^ij viJUi' 
."^-L-ty A^j^Jl 4_>*^-Vl ,U- ,y <-r>j^i V IJL* ,jXi 4L-»U»tJ$li o^JL>- 

bt>- tclijjLvail lXJl5v_4 «lj« -^iSol <»jg all 4pL^s ^ .Lgj JL»I ^Lp *>Us>I 
jjJj j»^aj - L^j «ij 4jj~uI oV ajiiJI JJj" _ 3_lip-tAil ^validi 4j>-l^v5 r- jyJjL* 

<^~~p- toLk-^J^ . >rAiJl jjl^»:tl oiLc«il j^ijjij C->b"r_^ -^ JUaiJl jlS" AiJ 

l>-JlS_a jl . a^&U« 3JL Joj i_AJtoJJ jjjli /SJ i aJLj Lo-^ cjLo_,...4-I jli t^L^L*! 
l^^JI c— »J a-bs» tAj^iaJ ^t'j' «u^i* ^1 Sjj^ts^ S—oS" /_« (J-*^ oL>-jll 

J^SjjS* <_JjLJ\ jl 1^-*»»- lil -_fr,.^ajl jj^-b^j ICl cLj_jjJ^ cUJLpj ir-^yjjbfc 



tfib^t JiAdft 



^U^I^I Ja ^liLJl ^i J*a1 



165 jl-J-i ^ J^i\ Jl JJ 



jo t*LJVI j_^ .r- ^> jy^-p _} (J/T^-iJ^ jj-* L^J^ C-iO L^^r*-' olj-^l <uJ .r- jjij 

[^l*Jl U^pr ^] ^jVi U^-Lip j- J^iil jLiy. jJL;^ ^Uj jcliJ OjJT 

Ja£ Jjp- iaJU- iJL* ^ UU* .C.U tjd^ 1 -^ Oi^va^i iJlijT \j>^J\ Jjj 
J r^j 01 J-»b # O-r^i 01 U-$.Jl<" x— j i U» tSj^^aJl Lgj Ji^ ,Jl AJbjjdiJl 



t.JuilS'l 1 1926 /"Srfj i/ • jr^>-^-« APjvjj i! j^*j iJLJ Jali- 1 -y» 1 Jb>- 4_<J 

i_3Lkil SjLgJ i L^J oli^i^ail 1$nJIx_«j oL>-^Ii iSLjlS^w» ji ^4ij^i 
y,y\ xilj ^ Lili" ty^Ui tjaibj {y, aJp jij-lo L. pJ-j .^L-1 J^h iJyiJ^ 

f IJb»*i«ol ilP 1 "^- t jl ./iT^-b .C— S V ISwu ^jyilzii jfty/^j ^u J (_£_b" J \ g . -oii Aj JaJl 

aJ^Uc» J,J «_L~ j ji ,\c- Ijili t^L^Li! oL<J>Jl ^1p j.I^i ,ji>- 4C->li ji*<all j^r 
^jj *cJ>\ -Xl! -(J ijfcJdi ji\&S\ iJl* i_JLi^S1 ,i \JLj>-j yf^jjvi j^Xj i . jZ-sjjC* 



i-»J\ iju* 166 

Physical <i l^-Jj ~i3*J~\ cjj$b tj-li tiUi -**>_} t^iJJ 3JLli!l ^i pLaJl 
i Sh j *\ — J,^ j^* j*j t [Cari Eckart] ojlfsjl JjlS" a^S" ii>u .i tReview 
California Institute] v^ Lj j j^^" J -« J " L$-~iJ ^o— J 5 .u-l j \pi l~~*'y j^ 

.[of Technology 



y*j l }s- AJjJL» y*r J J j r* p oUrj^ 0j-1>«j tbjjiJl tLJp Lk . A**uij jJ./aU -jp 

?AJ-<kP oIjL^pIj l yfjj *=*j^> aJLJ.1 jl aI ttLjjiJl ^p il_>JjxiJ 
JX%j u^-^ uiUai-l tojjkll UljjJl ii'lj^ Jl OUiko U 15" L*-f!Vj 

*JU^I Oyfc.ijl l*5jl l^Lil^Lc.jLcj UJ Aji i__jj *}b t_ Jy> AJl «_Pj t"LJlil ^ 

Ji ^jj-sJ.1 C^y. oiJL»i ( JLp L»LiJl ^Jl AJ^Lst jl JU i .4_wsl*Jl <_jL~>- ( Jp 

l jcJ-^ *-» A^is^j! AJloL^ J,ji C-JlS" Li ir- jJjjL* -^3 ^ (j^l*- A>-jj C~ilp 

i S^^jLi-l Ojljl) Aji5ljj AJ C~>wal il tA*«jiJ ^dL>s-iJt Jjo i r-jOjjL* O' (jy>- 
'" , &" * ^ •(♦^Jl ISs-jlSw» r- [lA* l }s- jS- JjL) . j jj j 'lI^-J '-^i* r*— " ^-* aL\->- 



167 i^J~\j*Js^\ Jljj 

. JLsLJl jjo Jilidi <_-*J 



jY^l^i tiji^i^i' c-j ,jl 1 o g aj^ ^ s- jljjJl ^ jUjV (_5-^* cS^»L>J.I JUu 

AI^JjL J,l C-i>-j J^-ill /^ 2LiiiI-l ji»Lil J,) APj^Jlj *-> _Jl l$J cJLijl jjl ' 
(^1 ,n.,h\ "»JL; r-^jJjjL* ;^>-l .4^aj ipj ciijJL» j^p c3-ja-«LP ■L-^suj oL*o 
jl *Ij j-i5l tLip *Jalwj U^i Aj^Iai -L^iJ JjI>«j Oli" 4jV Vy<Jl C^ljjWrll s JL* 

^^Vl (-A e -i* c„.^Jl ir jyjjl* J*L* J U-i iJU- <_£l .^Lpj .iiyi^JU iLUJl j^p 

?^UJ-I 3 ^Jl 



."«.lyfc 4jl 4JLi» ^ jyu V I J-* ^jSO . . 4~~iJ JV-A^VI f' ^ C^Ju>w*l ( ^ L *^" 

^ jJjdL fjb jlSJ . jU^Jlj jlfCil jlSol uii^jjt jLpI tA-.^o.Jl ■JlOj^^l ^ 

ijul^Lt ^ jLob»-. *ij 131 .lilW< OL-jJl Oli" t^j^J lxJlx_» ^ .^IjJl { jjk* 
jS- .JLSi (J^jt» t<Lp»^i»j^ S_LJL>- --«l^a.1 Lo^j «JL>- jji t<<-~iJ cJ» Jl i ^juiks^ 

clo ^ : "g-L" 1x3 «j jl Ltt^_ip jjycj v_i »-*■ .<u~iJ tjuijJl ,> l->»5j Lo-gjl ^yi J^ jiy^L'-l 



^ lisj C^ljLi^l oJla ji jS- . jj^l^Jl 3j^>rl ^>p JUjaJ-I j I t*jJaJl ^ oLi^j 



4-i^ tjL- 168 

Ljijvjt; lJj— t4_-ij c-Sj3l ji ( jJa*-'iVil Jj>-1 jjij L»sj jlJJLJl jloU-l . • r «\^Jl 



\a\l£- jj^iaj _Lb^*}\J jl jjt «u>i,la,v...J La 15" . e j JJl J^-'-i SJL»Li iilia-» 4jj j L>-JUj 

La LiaiL) yr-:.T , - 1 jl • . 0>jJUi>l (_£.l)l <•■» ./?'!> C., ./?T<I (_£jUl <-j .^» _ SjJul iJ jjL*> 

. L>-ljJl i J^iJL^ij L4 *\?-.Jj 

j^jjlij /jjJUl jJa^-"^\il -^ ,*-«jr jjAiC. .a-USlj 3J./?.a,l« 4pLc. Ja.a.1^ iiol^J-1 
.^.gJ liJL^ La J5" ^jIp *^^JJ J_j-^ f Lo^rl tii Jjj^jil A-ks-Mil ^jjjLaJ Jy 
4_*Pj^ y* 4-oj . «LpyLJI « g ,/?./?* (_^y_ J^jbcJI ^v^Aj 3 .^^ L=* — ( 4.,...,..^:,n j Y c i (g "j J J 

.3_JL JJaJ 4-^ 
jl _ULpI JJ} .*-5ol IfsJlSL* 3JU- ^ Lili olL>*j t^rU-ijjl t_— «*- tlJLib 

. L^J «L^j 8 j JLJI <L^J LjS— CL» I j y£u i_,l wi jl (_j-»^*-l ,_>* *^\ J^i L»^* UJ^i 77 jV JjL* 
Aii^NI 4J2JLJ ii^kj Jbr...-....J ,tfL>- <*Jr_4J CjlijjL^ail lSsJlSL_« jl 4J IJb JLaJ 

^ jjj-l ,, g ... g ; I tUapI ip fLij-iil tLoip jIipI .Jl jj > ^5o^l ^jLpjjij iSLtiil 

• ^*J^! j jlj*=-VI j^i»- ^ Jk> 4JI JCUiJjt ^1 UJ tl^JjlJ) 

Jj:_-UJ| 51l^Vi c_Jaji IgjV SJ"^* - ^~~^ cJlS" jlSJ .diJ-i ( _ s lc- r- >>JjL* ->j 
sJll^I 7-^L> ^^jIp , gT<J^jlj coL«jJlj jlSll ^p L^^ ip f Lijs^' «-Lo-Lp «-h^ (Jl 
j>Li!l ej">\-»jj jj* JjL>- JiJ .obu Ali OS jl«jj\ jf jliCil ji ^*j V l_L* .oJjJj>t 



169 i-J-i j* ^U3 JS J- ! 

. Ig-U 1 l>- k-jj-* a-ij-^>- lijJ^a jl jiP t*; Ja" i_Jj^j SiytLl -^ SjTJi 



.3JLJ.I ,.„...-»- jjj SJoL>J.I c^-Hiy '^Lg-J' (i . iSLlJl j^i? i ">L_p j>^ ^^ 

i 

JL*j .j^y^A i -ii /j£- ojJul i J 4^-jJ.I j «joO^>U a .ot.,-U <L>-jil oj**a U aj^j 
jl (Sj^> ,_j«-^_j ,_/ i,^ • • • J^^iJ^ ~Aj\£- J-iit 4*5J1 Jyl^iJ JapI U-Us ( _ s Ip 



aJIjUU -l^r ) L> ^;Lj jl j^p ioj^Lj ;t«^ -^>«_i IjLa JjSo jl i_~s-l 4J^ tl>-«jij 
,jc-ijjl jl *-£j* ■ }s\i- k_~la ^ di! jj i^> j <z>r j j jb <Lu*ij Aiiij _/>-! jl>-« ^ 
, -j^jlijl JLiJl J_^w- «jJl t ju ■Usi^ i 4jb li^UrsJ y^i A <-CjyJ. L £ 1— «-" tg^-^ 
5iLaj 4JL>_Jj LiJlS aJj*»\ ,\5o tbjlib •_» tLLjjjL>- Llili! oJu y ^S^s^j r rJuL» jl5 
Iki^j llvfl." ,^-iuJ oj^pI L. tt-ji-gll l5jLJlj oLwjl Jl J^. 015" .LS'^L-j 
.**> vjJbj jl t^^i)! j_jJ^C."^j>-j yi^j^ jlS" c L. lili ^j .aJ li^^^ 



CjU-j^Lj i o^*)b>l j^-i^l ajjj j_ji J>^ 1 ^5-j^Jl ^Uj^JI IJla jl j^p 
jl «^ai jl ^j 4JL.I ^ yr-ijjvi JJai t^^r! ^ *-*^ o^Ls 1 ^i .«.b j-uiLJ yiij^A 






C^**l LJf" J^jL J,^) Jl v*^ "^ •«>-** _/Sl aijjiaj IJL* ^p r- jJjjL» _^p • 

."tiiJi /^ )S\ L^ip djJb»ti V j 2Jil> j$}\ oAa -yP 

<_$JJl («'rjil ISsjJl jl Ig-j ?w="j caLjU (vP-jJ a^p>-j^ a>«j- j^-^jj^ ^cJ 

«J-* 01 .jlj^iJL^L; «U^jtjj »_>«Jjb i— Sj^u 'J^" OIS^ t>P r 5 *"^ lay-T J^UJ 

.(joJUiJl 



Jl ^al*- JlSj c^.o.j...-^ Jy >IJU<aJl aJU- tlJLJLJ jiSl aJL-*« ^ ^XilJJ obrali 
oU~-j^JJ a iLIl ol> »11 j^J ^IJLaII -L*j AjI (_iuXj£l -LaJ .iibii _L>- Aj^-p 
oLo-j^n^-I 01 j^-'jj*' r_HJ^ <3*J ls~*^ ^* "^ ^^ cjL^j^jj 1^ ... A LlJj ejj ,11 

,jjij .A^S^^lSol AJL^iaJl; .iJj»ti jl cSjiiSw» 2— >-j^ ^" y'" OL^ OJ L fs- i* y ~}?\ l \z- 
;ol ./»,:!! ^j^Sol oLs^yi ( JU> jtjCj aj\ i,j3ljJl |jj> a_^p aJU- I Jl* OlS* cj_*j iij 
.^Ju ^Vl 01 idUi ^ ,^Vl . ( /~"yf U^i J! «iLfJl ^ Ji^ 1 J^i ^ 
4j,Y>~:» aJL J&j c-iJ^j 01 ajjJLiC.^-J ij ^L» 0l>-« ji 0^>o 01 ♦^-J r l jJp Cv^ 
ajjLoJL» aJLj C->Lo---^r Jl ^.,^aT 01 aJV^jJI ^iJUaJl Aj^j Jp jtjCj .015J.I ^e- 
. 0_ji~« «S' CjIjJU ^ oJb- L» IJL* .aJ->- Ai^laj o^iJusi cjLaU^I ^ iJ^^i 



171 W-i j* J^l\ JIJ-.I 

CjL?t »il 01 r- /31 -AJL! .APjlj ^T^ /lj Ojjj ,><dj*- (OljLJkl o-L» Jji • Jl^tJlj 
.L$ryLoJj>-l cJuaJ L. <LJLJL>- cA«.»,. >>.->■ cJuaJ V ^iJUaJi Jlg_JL* j^iUJ jjI ojJ^lj.1 
<ui ^g^»" 01 r^r y. iS^ ol^Vl _^* aj_j4 *^-_jil *** 0_^j cS-iJl ol^VI t^p-l ji^i 

.lJuw 5 ^ oU ■>■■>- 1 



IJbJbr &A Jj. aJn-^'^S' i>ry rtZJ V yjojjA ^l*-« Oli 4dJ-I-iS' jiJi OIS" lil 
4^>«_A j I SJLS" iarjil li£ O' Oi*^ ^ <*j^ i/ •i^prji' Oj^^So^l aJU>- ^ . Clc 

sAp- Xai . c-^li ji./i\\ lS— JlS^« *_« *s\ »i <Gli jj.,^:ll iJUb ii I .p jJi OIS" L_$-« i 

.L^j j»jij 01 jw Jl t LA V t ,>• ^iJjJ «t^* L j-Ai. <Jl>J- bJ^ 

j\J>y\ l-i-* jjaj <b«i.} ijyCj (_gjjl -j-o-iJt .clijjlvail l5LjlSL-»j oL>-jil IS-JlSL-» 

liiJLsi 01 0_jj *^»il »S0l tbj;» ^Lip 1 Lp J,l ^jJI oJL» cJlLJ tdJ-Ii ^jIp 
CJjUl ^i^c-ij 0^ S-aJL?- .Ojjj ^><^>tj L y s \^~ ^r y. m ~*\ /r" -^La 01 -^ j» '^~r 

jj-LtfJ ^ .0j\ J.b 4^»)Lc«-^y y>-l Ijjy» OV"-»' , ^* J . C~lSw '>Lui> IjAL» LLoJL&I 
01 JU-i 5^4^. 'j*^ (*-£*! J>^' J>1 tjj^"' *^iji* *Lip *• jj tcJi> ll j^*y 



i^ij\ u_* 



172 



^ 0[ Jji j! olJJL. £>JiL* ,«-- j ^ jlS" oiJ .aJU^/I j^a> obrali 
Jl^j i aJI ^pj 4 4j\Jl!I lu ajI bwlj 01S" oNU*>-1 \^>y. iiji-^il j^L^- 
fJ JJ -L~ c-^ ^1 dU; j>- <a^1I ^ iSglS^ ^ JJ .^j-b" ^ 4_i 



iju>^ *l>>*ju "^v J^ f wSn ^ g? ^-^ fLip ^ -^j-^ * =9 ^ ^^ 

aJUa^^l v.^ «-^ J 14 s-*-* 1 ^ OlSOb l^kJuJl (^4-L^j 4j^c- ^--VJl 0^1 ^ 

2^ Js- JyCJ AJI tJjiiJ A^>jl t^JJl Jajl^Jl iJU* OIS" Ol) .^US ^ -W Jl 
a_J JLvb Jj^ ^jJb- JU^I £. JaJ^" Jl SjJJl ^ l*-*4I £_l*i>fl -^j^ 
*li OjJlS O! OU^-i Ji aJI cUL^-l ^>il £\j3K\ UJ ilL* OlT .>T Jyi Jl 

oi jUpi Ji o_^i Ui>; oiJ" t Oj^ J y -^ Jlpj . liu^i vi j-uu. ^ «uji 



(jjJl iA i, djy. (Ju>o (i OJjj oUiS' <ukSLj ji^S'l (jljl 'l* 01 j^ 

/.IJuail ^p.L. ju.Jbi OlSL^L, jl* (I Aji aJ ii^V c^oJlj a926 fU> ^ 

^ UI j 2L*aU ^ Jl^JI Jl JJ ^J UI . . . r I^Jl a^i ^> aJI^ ^ j^ 






173 V^I^^UJIJIJJ 

tj»5Jl iSJlSL^ ^ 4JI jJ> .ll^£ <Jjt^- c>— > }^\ *J La caJI Jail <u* j^l Ujl>- 

.i_i «y«-4 1__^ jj.i t < _5-ij1 Lo-S' C->~L£ tL-iV jl j-^> 



^ tUjI^ ^_~-j oj^-i. c-^-vat c^LUS' jj^, Jl c_-^ tl926 flp ^LjJ J-i ( - 
~t^s J&\ 4J c-^w-- L» ^il l$f jL «Jjt^r Ijl>- LupLvsj >_^>*pI t5«iil L}J^-« J-* ,y> 

Ljjl J^ij .JL^pf ^ Xjy*a iiL* jl j;P S'Ljfr' »SJl l5sJlS\_a" j L Oj_JJ _^*-l -^ 

jIlSOl" ^ j^ Ljji' il& V Lu& c j^l J ji" <i>Jl Ol . ^^li^l J-^Vl c—J 
jl JU^-VI^jIp Jl5"bl ."^^L. t_-jiL V aJ)I jL> *^L» ^\i ^Jl> jp L.1 ."^Ai!l 

Cjj\JLljl i_^»^>«j cs-LiJ^jaJI C^b^lij JJx-iJ (j,*>\JLj«jl jjLv il jli c^-J! ">taJb \j>*j 

.ulu ^J»^ aS 

c2JL jJLil 3i^>-jJl a JL* jP U. y^v^Vl <-L>j^iJl «.U.P *Ij ^> y ^y ajUJlS" j 

e-jl^JVl jl jj^Tjjai UJ cciii jJ-f- ^1 JLSi iaJLiJ.1 rj^l Jis c^Jl 
.4_^i>' ^o }y* , _} ig^ )y **£^ L$ y tC->l?r *ll i5n_o\S>~» \ w^ j> ,i j'* w? j .,.?->- t^JiS 
t4*>-ij -<2jLxi>- C->Lo_wwv>-l (^JU j «Svj jl u j?r jj ^Ji4j t^-ul * ^ a ) 1 i^iaj -Lkj 
t^L d-Ui -Uj fk ji <bl j^cl929flp JjjJ ajj'L>- ^ SjiJov. ^J^- _j^j ^j J~^~ 
^J> J,L^VI JjjLJI Jl Jp <b"L^ ^Jl> ^1 JLiJ .^iOl l^JlSL* J ^ (.L^ol 



<l> jisl j»53l l5Jl$Ll iJiU jyi-| «iJJj Jlu yi^jjA ?^i t JJb: y^> ^Jj-j 
JU- Jj _^ c-ij y. jl ,_Li tj^-L^j^ jlj 1926 flp jv<c^ ^ .LjJ LLaL^ 



4-ijMjl* 174 

,*-«^u jl c*J »i Jb»- Jp iju ^Ijl ~LaJ ,j«j sJLc-L—4 ^ -«I .So r-^JjjL* <Ls^l>- 



^ \~J>^& j u «jv^l <_J JL»I j-* 1 toibju.1 <b>xlll -UJL Jaj » Jl j "}\jL*< («s-ljl r- iuj 

7t;_^l .4^« <_J -£> V (_£jlS^O jjjjJL»^ «LJM y4^jjwJ Ijj L»-;* ( _o-UJI C— :>fcJI 

. " . . . jL J— J jl dlJ-P jyCj yr-^Jj^ L) t j50j" : J j-^ *> j V •" ji y» j 
j4^^j& jl („i-T ^SUj 4Jl .bjJLsi IJLa ^JJ^I TtlaUJ (i r-^yJiL* jJ-5 Jl^" 

i>-L>. jjj i _ r ~J*Uwj^Jl £[*J*y\ cJLki (1900) dl^ ^Vr^ J^ Jj-^^U 
JjL>- ."tilb ^i UI V" *Jb t»^ll «JLa *lsU J^Lij t.sj?-\ jjj jl jiP .^jaSo\ (J) 
j 15" jJ Aji" t"»ly& (Jl ^jiJ Las^b .^Sol 8^>i" jl jy_ \'jg- i^jlL jl jg-ijjZ 
tjjaii "4^ij& ajIj c. W.TjI ^1 _jL-j*s t«j_* iLjtJJl (vXjI otjjiis *_* lA**^ U~U- 

L^>-j_J9j >— -t-— ! cC->L>- «II Ov-JDNJk 3_^jf Jb»r !■"■<; jl *>\JV3 j «j »lj_* -Lsj . *>Jl 



jLp lASjbj . ^.'.'j V j-Jl AJbUilj j^p-LJI jji tJ-jjJ- SjLtI aj-aJ ,\>J i 4Jl j^ 

.<uij> jjij jl jj^ ^jjij J! ^H^» [yr-^j^] 



175 ^J-^JUJlJljJ 

Jl ^£ c 1926 fl* h^ J^ .^"^Ij^l ^ jlr^yt g? ui^J ^-^-1 

^_o^ J^io jv»l II 4-LlS" aj_^sJ> La«jLlL; ^JJ CJlS" lil L» tUUp jO^I Jlj_Jl 



J* y» <_£JiJl 7-UJJ|j (j^-^ «-JjJLi^L cJuIji^ J^-^j. 'Oi^-W S-^J OJj£ 
iJl^J . <J>-I AJI 4jc_iaJl JjUs- 4Jyi* «Jal-o <_£.i!l JU>-_j]l «Lil ji LJT ,J^01^J_;1 JLjJj£ 



>&* <^&\ J^dlf 



179 Li«~J V LjUS" 



jjw j i>- jtpjL^> t-iLUI « f- L*i>VI 4-j^va t^r^jjvj a r-jojjL* jl5 L«_j 
ajj-b L»lp jyujlj l-b-lj j^>jJl /»• /"-'M' J H J^H i-iJ— ^ tl ijJl>i^jI ^Jl fr \jj_aJ\ 
^ jijb'jj -ljlji" j3wo I 5I JL* CjiJ>-\ t-ijjj tLjp jl j^P . Lp-jj LjI» Ijjl _* 

iobtll t- jcj L4 jLf-jvj ,ju *_« , j-aLcJl J ,>- JsLp-^fL oj 4J«-io t/prl $'■>.£ ,j 

•^ L5o aii 4-~iJ ^p L»l t" jlnsVI ^Li^ SiJlIs c~£ jwT Jb- J,l" l^jliT jjJaJ-l 
.i.b-1 jl ^jjAic.^^o i j iL^j^ij ^ ^i-S" ji-5" -b- J,l cJlS" [j^j] ;w~" 01 

j^j jP li^bi-l jtSl j^Nj jl lji\ji\j tt_.,.A">lU ti]j*Jl yj» till^J-i! j 15" La 

Jj^jI ji L /~ : 4 (J^.y. J-*J t0 ^ ^ LfcULa ^Ijj^l 4^o^5 .IfUj^VI S~*2^_iJl 
Lo5"j .^jJaJl 0-UL4 ^lp ^_vJyi!l <UjI jJ^O jl ^Ip jl^V^I ^jif- S-^ '^i^-Jj-* ' 
c^-JyllL; .«—-«j ,jp j>pI jl e^jj J -«- (: . t r^ *Jl ^-'-br_j ^j,V ' tLL>-V ill^j^ f-^j' 



a-jjMjL- 180 

cLo^Jj^» J,MJb>-i lil.^T.^1 j! L-gJj^o i « c r- jy=J-' ^1p bbjtj i j ts.l3JL/?i 4jJJIj 

". .' . '■ * 

CJ^waJl J^L-Jl l£^L*tV' '^-* -^^ J_^. (J*^- l£"^' <_~~-Jl *A I Jl* ^*J .jiijJl ji 

?-j->^Jl J-ivi; jlS" . LJ.5JI <S y* Uf*i ^ji^ /P^ r '**-*'' J 2-jL^Is *-aL(L« ^s- 
Jgjo. iiUUj 4JLSjJI _ <U_^ -^p t_jui^o Vj fc>«Jl oL*i>l;_Jl j^'» ,i *^*J.I 
^bjl jj^dl jl 1«-V iviJUi ^Lp .Jilidi JS" j> LIJIj Jj^j ov- VI -t^l 

."o^Uil J^ ^ ^ ^^1 JijL" ^> Jj^J-1 jl o^l 

i j 'Ji>>-^ JjjUI J^^— * -^J^.J JJ-W f W*^> f U- 4j>-^j |JLj«-x iJl^p JIS" 
j^xj l Js- ^ ^jjj J_>- « (_£JJl tr- tOJjLa i_-^>Lj jl ojjfc L>-JlJI f*^P <L*>L_-J rS*i 

a^Jl Log;-» 15" -b>r « JLaJ .4i«iljj ip i—i^Al (_£JJl jjj >u> i_J>"}L>- JLp jvIsU^» 
.4J2J ^prj ^ ^jU^U l_Ul~^> L^u ^1 l ^ i jl j jJjj J b- J-b~ ^ Ll^L. 

tS-jJil ^ aLj-^II aJl» i .Ij^uj Ll5"Li^4 j_^Xj L4 UJLp ajI jjp c«— JLj J^-^. 

O-b»^ tjL^jJl J"iU- \lw ojIpL- jLjaj:. j*>Ur^l jIJla j 15" c/p r L^jj_ ? 5' ^ 



181 Uii*-J V LJUiS" 

J»> L^j jLaji 4j pr sLjI c->lSvj>-LoAI *}L^Ijj L» LjIp *L^ll j .aj jJ-L; UuoL» « 

(v-ij j VS" <L~^ JL$*il ^ 4JUJI oyv t_jlj jjj JjJb jl ta^Ldl LJJl cIpL* ji 
oJ>tj< ,<u j J«L>ij j\5 Li 2U : .„i SjL^sI »| L^vj^jjj <lJp J? j«j , -S tr- v ^JjjL* 
<_£l> r^pj jjj /po i .oIpL* jjwu. jL^-J' ,1*'^' /J^" ij~*'j-^' '^-* -^ 'J' 'j'j-* 
LjlS" L^jVj .aJL5L»j 4_^>- ^ JUL jlS" <Sji i^_>- jjj JIS" U IS" .c~>Ij t?-*^ 

4jl$j ,j ^$ii> V ^ f L>Vl dXL" cV^f aJj^- jV-st»^ jlS" U c^-Tj jf j£-iu 
^j tJU-1 4*Jajj -^'W^l £- Uaii^l JjUL. J jl^cJ^VI aJL-w j* 1926 
t£_)jd\ iJjJ — !lj iU./?a:ll cU-w-Jrl ii->- iC>L>-j* jjl *^J> 15" Jj ^ jAzjjii 
jS- .OjJ^>- ^Jai 4Jl Jp Lio jl jjjj ,t ^Ji^-* i*-"? J? ^-^ ^* I J-* j 'i'-* J ^/r 
J,) i_jL»JL!I ^i s~^j c5-CJlaJI t^L-V* ^Lo-^i -^J t^JJl cclJJl; r-jJjjl* jl 
iSLilSL. c~^pjI JLiJ .^1 015" L^ IjIp jtrVl c-Jkiil ^Jj ^Uil <_3>Jl 

^v j^l IJL* .«OjJj>- 4*J AjU ^Js- coOjJj>- (jji»J _^iJl ^S- <^i'j^ *Lip j^SJl 

.r- jojjl* ~S-j IjSLfc jl (4-lp .ijjcJl . (j J c- i_~J^J ljj>- 

Ijlj» jLii Lo'j . Ij-J IJlaj ' -~ W o aLJj tVL^ 1 liij^ Ijla 01S" c j jJ s.^^^Jb 

.sL>t9 1 ^rnii J g a" 1 4_X_-**>l>jl LxJlS— II oLuJL jjL»- « 4pjOl « jw»jjl cflji « 

iJU* 0_j^j ji j_^j (jij lj*^ -V*-! *Jl^' r^ A '-^l J^ t«jJJ* r- j L»- i L»Jl ^ 
J) ^j^^Jl i l*i\ jjLCj jL^aiJi /^ J^sJ jl ^jIp jjjjL» JjSO ji rj^Cj .lu. j 

jl «J Lo t-L«JiLa ISs-io Liijii j *5o jlSo cUa^- jjj i_iSj^« r-joJjL» -^>-J 

z^p c_j-b»JJ L~v Ip jji*il jIjI jjj j! jJ L<o" .*Ui!L> jj-^>- ^\-g-5\ C^f-j I?L^-^I 
-di-IJb rW*^' ^JL^i^vl hj>u A^Jj c-ijJt (i IIjL~« CaS^J^S 2JiL j^SJI LS-Jl^w» 



i^J\ \xj. 182 

UI jjLp OjjJuLC. jl jl (»>J| lS-jl>>_« LjJ iJuT.t.gi 4jl T-^ujjLfc j^Pj U ,Jl 

* e -* * 

jl ">Ui JjL>- jjj jl 9- LJaJl (£jJ Lijj U L»-!" cr- ^JjjLa ^Jb L-» j .^.ekll 
".UU-I ,_ 5 ^Jaij jlS" II* jl ^il . . U! j ^jl Jl [^JL>-] Glatteis Jl &jk ' 

.ii!j ^jl ,-Ip 2L>Lg_Jt ^i jjSo Lgkli t5JLi:> 

«.1927 f le ^ik. JjjL>o . IJla j* p\ J^k, jl ^-j j^l ^kb" £-j Jcr^-l 

jljJ-1 jl -is>- Jl ljlj-« 4jljl 4£-Lv» «jLplj 4pL*i2J r-jojjlfcj jy ,-yt 15" *li 
A* I V JsLs-L; LiLa^ I n g:,a Jb>-I Jl ftw»! 5 t jLi JaJl jl *=■«-! 1 ^y" j^t-Jal L» g: : ; 
Jl jy_ ^__*i t jjl^j i .y*-^l ^!j-«i L* J^ij ^ 4jl) j^*-i «UU 4_L« ^j;AjJ-l ^j 
iU-$J5J ">Li>l aJj-^I oJL* kk>- j 15" .??JjJl ,j* CJjJl c/ 3 ^. ig-^- c - ig^" WjT^' 
A—ij JLp^j r-^jjLfc j 15* uLjVI ^ •l^—'-J w>l*Jjl Jjaij jVI fw»l ^ ji^ 
. Aji jk>- j »j ^sfju jl j O ul-—II Aji Jb i <L«l*Jl i<L _L>-\ J «j- 5-iil-! 

jyO 4jl c j ji J»\ Lo t JsjLLJ .ai «Ijj U» rtPjll j u Oj-^ (_£JU^> jl jvP 

(_£jjl i^JulilJl i^-»il ^j^J (i jl (j^- 'iS**-* Jf lk»U»0 jl 4P^Jlj *->_^il ( 1p 

Laj jl <J ±JlSj ? Jj>J Jl JU-XJj-4 j-iJiil iJl* i?—^ ^ il^j^ *^J^' tUlp «yl 
.Sj^k 2JL»j Lflil ^jip JjL-il «_« j_jjj r-^ujjU ^>L«j t j^l ^2»- U-§Ja>- ij 

iSsJlSL» cJlS" LkJ tw'IS'jjdl ^ ~is-y*j>iS., Lj«j ^5wx"^5sJl iSLjl^Lll cJlS" 
L*j iiJL-il cJlS" ?L> g i.j Wljil Jl J--JI Li it^>>-i ^Pj^^j:. J^jJ »^Jl 



183 LjU-j v usus" 

JU-I .iiji oLsib^Jl Jj\J- L» f- L— cjjjtj i./'^ 1 *^ 4JL~» tiiljp j^ j^~~> 
.O^CiLw» <U_gjL i r- jyJjL* jl *-C-j 'Lo-f- 9 l>-liL« /r*' •iJ^jj-s jl 

«J15J.I i_Jljj*j («JJ •*-*-£ flj JS^io.j 3j«Lp 3JL; Jaj ,Ju i^— >- Sfi-Sol 1>-JOO> 
. ^^SCnJb ^^4j ji Uaji «Ia^.j ji jlS" . SuSL^M^I l^Lil^Lil JS"L^i ^j^SJl ( 

■u-^sj ( ip jljv»^ J L» (jj^SJl ( ^v^v k ' c3~~^^ iP*~* ^yn *-J^ Ow ^' 
Uljj lj>l .5^^-jdl «Jla ^ Lzjj I^jl» Ls^jUJ ilL* jl jl>-_j <oi j^p .Z^L^yS a*L 
ijwJ jl jp-I Uj «jJLc. j «So i — s j_- coL»— »>-l /-* ^yS l j ..... ' j JUJ.I L Ur-*' iJ^ 
^ VJj jLiio jl U_j caJjV* _^»L*Jl oL.y.Ji-l f- Ls^jl L$J J^l^J tJ&^J^S 
^jj> J-^»U- <^i caS'^-I A-Jf L^yS-VL». ji - CjU~-JtI 2^.^ jij tJu>-bLl jjjj 
jj^> jl c_jyJl .4__vL-l j^S^I A-«^Jl tUjjiJl s-LoIp Lfc^jpo Jl tAP^^Jl ^ ib^Jl 
jyi SJLJb- ULS' L-$Jl _J t^jOill ^^Jl ( ip LLUaii i iS'^J-l a-^j >wj_JI I-La 
jj. ,/i"\\ t *_^3jJI ,JS- -y^^jAl j j. /j T) I jl jJ L<o .JyLa , *-—*" j» i3^~J 3JyJb jy^ 
lj\jy^ij y « ijjyiuii ijytj^S ^yL*J L» <LiL Jaj jljj^2j O J-l 4~<0 ^LP _^/ill 

. 3jLLi£ (j JiJ 4-~iJ (J— «J I 

lijLuLa lj>»j n ^IjL><j^jIj i<up r- jyjjL* Jl i r'T JjJ .<u*uij fr^J-l J *j 4^-1} 

^p J. L*Jl Jl jkj ji dJLI" .^^1 f LL. q JUl lJJ-\ fli U-i ^>-l a~o<J Jp 
t<u«jjj c-i_Jl ^ tii^p LdLS" c^>cis lil ^^CJj cq's Jl j>p *Jl ^Ji^J jl diJj tp's Jl 

. jLi |JXA jl t jjj-b c-jLaj L_ij^- 

jj_^> Jl .,^a" LgJ) .T-j^s^j I (j . ...a.i ^p «L^t^Sol oLo— -J^l i_Js-iSo V 
jlff j^>- tL_w. c-ilj «dip i c_si!-«j jJl SjUt^I ^a jJJJ ! a j j -Lic. j^sj i 
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^jzJLA ^j Ja?-V LS LlLCj .OjS~£ ,j ^J^f- l^.l*Jl 4JLaJ-l j> ">l$l±U t ^~ S - 
jjjJLH jli cJi^alll ijSL— ">lSol e-ljj^Sl Ajjj ^.j^SJI oljjiiJl i_j-vaj J^>x^~j 4Jl 

tUai^fl ^Jip ^«j^iOl Jj— ^ f ^jN J=r" V .f-«_jl ^.J^i Cr^i c< ^ H' "^ i ~~^ 

j^l 9 j& *jf tLtu-L) ? j_^iJ jjJ <J_jS JjL>>j 0^ L» l-i-» a ~Jl O^J 'a~^- 
V llfc ^ . £->lj jj^aJ J,l i _^^ L)? dii ^^i ^ Ji . jjj ^ ^prj (iji 
Ualjjj 4jjL>J.l ^ lAj" jl tcJ>yi tiJJi l j&- rjvy\k <—~~s- U5" t^^ 
.*uj. r &}>\ JLjVi ^ Ju>ai-I ^ L. aju}s _l4 jl dAJp <^^u .^il 

^U-l Jl j-Jl j5\> (i ."U|jjjj Vj <*J J^-j (I yl j^« ^ ^ jjU ^lki^.1 Ij^l 
^ *j| . tlL„li V^ iI^Lp j_^j ^~~ >- L^" c Oj^j ji jp dl**Li tlj^ki Vly- 

^.j^SOl *LiVl ^Ty*- ^JTj f* 9 3 Cj^ ^-i*-^' f ^ ^J J? jj^i V Ji 

(_£^j r- jVjjl-* T^-w 3 ' ^r* c^«-Jg.'„>j 4j| jiP . JjT.JjJI .ApIjiJl jij ^^j»^. j^£ ii^kj 
^jTj ,»w>j]l (Jl ^Ju jjP _ LL'b 4j Oyy*i tbj-iJl s-LJp jlfT [S.PjZj jl t j*VI 
»L^Jfcl t}U j Joii lil L^^kJl -kU-l j* iLaiJ J?r~ Jl • Lc-*—W*! (*W^' J!^ iS^-l 

4jjto ^ l?a>-l Ur.j 4J^j .«/>aJ 7*-*0 y. -k-_~ j Jli* ^ _^S_iLU VJ r- ^>«j j^j i 
^J Ip jALil J lili l Js- jie- t<J_JLs fly^i JJ \jb\j>r'\ ^Jl iijSfl jy-'^Ajy^^j 
«. y/>» k I ■■■; ii>-'^L» .s-LiuiJI i (jJb-o jjjool ,5J tijl <t»_j| J-*^*J t— *j— ' c$Jjl _/wl 
OJ^y . yUlll tj.,^11 iJjfc ^Li . ajj^-JI »_>^>-l /^ lAj^II c^jajl ,_iLJO\j *.) t<uip 
»1 jia^al iJaJ- jjj^J^I ^>^ V^J £**°y F*~-~i ^ -ks-">Vll j^Ja^o . 4jbLsi-l j 
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S^JL-O— >J1 tLjJjjjJI 1 Ip <L-a— -O t ■>■ tC->lijJ ai jl _ C->L« »a5 •-• s. yJ2j\ (j iSo 

cjUjJ jiJl oJ-a Jj>-I ^ i^l^l .[Gilbert Lewis] ,j*iy> ^->j^r { ^-ij^^ 
J,l ,g'Aa." V i^>-l^il oJl* oli tj_w C~J1 Ljfj .^j^iT 6^?- jL>*ll Ojj^^lj 
.^Pjj^ oVL^>l oli ci^»Il cL>-bJl j-» JjUaJ (J,l jjiJ L 'a.s.b£ c->L>-bj 
Ja...-r.,..o jl » .k:....o V lb>-;Ail Ol 0*^1 iJj-L t-^jjU «^^»1 t j;W;ll Ijjfc ^-i^ju. 
<jUaj -jP ojLp OJb- L« L*] .i—lill aj^-jIlIj J,l ^^h ol *J jlS'l.iyLu byi* LjJL»- 
k_i^_- <ol t(jljjl L«_i t u*j IJl* .*Lki>J.I 4jjj_ji]l — 4Jjj^5o^l oLprl^il ^> 

a_o5" ,J,| ^k:" Ol *Jai-J jl jH-sijil J,l j1j;7 Ol t »;W,;,.J dlil J,^j Jl» -Ll! 
Ji^-V t^Vl ^ £j>V> j** Cv~ -o^VI J! >^" Ol ^ki-J V dK3 (o/l 
LoiS . LgJL* .^Lu V ajj^J \>, cjl L«J 3-SL~_« c~-~J Lg->J . 5J <) g .-Jl aJLgj ,r-J j-*V ol 
ol jj JLj^-I Ji tOjjC^J^JI r-~° y cf" *- J ^ J^" ls^ J^ 1 ^"* <y Ib^-'Mil JjkL>- 

.^JluJl ^ ("aSj jj^") Ungenauigkeit L^Jb 

Ol /»JjJ -Li! . 4-ijb jJ.1 j SjjLgJl 4^j*>^-I 6 J-£j <U~iJ r- yJ JjL* jo3I t j jj c_^Lp c-UjI 

t- jS*± iyjla SjLjjj (J, »j (J,[ > t 'C .oJj_Li-l jlSsjVl i^ (_JiiSJ.I j4j ,3^-^ ,_>* j-*-^ 

I j ilaj iJli» oj Lg_j J «jij ojv-^ai <L'L*j iS y jy~> u-" j'- r ^ J^~ ' - 1 /i |fg ^* Ws* 
^Lp j^j xil»l .ydJLI Ai>^ c-*j Oli r- jojjL* j 15" iJIJJl .<o^_^p jll^ril ^ I^L» 



.«.blS cjIj »ju^ jtJui^l »J c<»-ijbjl 



jaJsa y*J ^Lp . j^j O-b^—l .j.:,7.LI ^IjuaSI dJ^i A-Ll» /»-Lp ^ »j>rlJ AioJl ^i 
IJL* . aj^jJl>J.I i ajIp ^jw sjJi cL>-^il (_$jJ (r ^JjL* jS'i L_i c^L^*>l>Jl 
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jk+a\ «-(c^ 1 <-£' jy^ ft-^Ji 'J' **-^ iC^y uy° lS'^ *j-v*J^ Jj"^-* j '-(_r^ 'J' iS**^ 

i j ij J «i L»-* tl-i-fc ,LLy Ojj^ojI oJl* — ■ ■ ^" i Sj~- •,PT_V > ' JjiaJl liJJi •-• 

^LJ i y oL«j1jc« ^lJL>ti^<l /yp (t->-LJ aSjuI j «p jl .r-^JjjL* <*jLi^S'l L» jy* £ *a 

.* ^ ■«, ■> - 1 -ajLo»- r- I t;t .»I ^ i^y 
~L*j jl5" jjj j V tVjl .r- jojjLa oJl* jjj l$j JjjL Jl JjjLJl a.ilpl 0~-0pl 

j^Lo j ij <5nj>- jl Ijj iLJbj ij^-itjii ^_^l ij J A»^ c-Jo ^Jl tl gjl c^L>-jil 

. j^LlD 4~«j^J>JI ooljj-l 4-Lli fJbti ,_j~Jj <. l S*~~»y&3\ CjbjvaJl -lp -Sj-^J 

ir-lj^Vj olo-— Jrl _ SJjLLJU Siili j;P .,_J&LiL« jju r- jil . Loilj j^j i j 

jjp jJJL-J s-'jj .JLibM > ..>JI «J& _ A^oJI S.,.:. ; .pl ajJLiilj «La t«SJl ■- ■! .!.> ./»» 

t^^Lilj 4~«j^J>JI ££.iLil CV. JjLkJl J^p ls Ip Aj^rjU- o^U SiJdl jj^p .iijdl 
l$J J^b jlS" jlSCii *>. *j\j JSLlo j~^j t<JL>- ^^ip t JjjlJl IJLa jl .<J>L_OAf£jl 

Vj-^» sLiVl ^ tf ..j,...4-l v^'j (^^ s-^ iS-d 0\ aby t"fbJl" Lu:. 

iJli jl iwJLi-l IJL* 1_^j JL9 t2JL5sjJ>l ( Jp LaSj .L^i pyij SJaSLi» L^SJ <U-g-» 'j'j-^' 

^ Jj^i c^jJl <ijdl j^P jl .2LiS" L.g;< (^1 JUp^ L^o V «tjf jjP t5jl.lsO.il aJji^ 

.«j>J.I ^iLJl aJL* Jp l AJ u - JLaLi tj *j -lS) L»-* t r- jujjL* 

jVl «JfcLfcj tOjtiL-a 4JL Jaj i*jlj 45^_i ^1 J w' Jl AJ ^J—j" JLoJ .r- joJjL* aJLi 
■r-^ujjl_fc aJj>«j (_^jjlj jLojJJ jli (^Jul ^i }_iLJ>l ' '!_ ■'"" i_aL>- L^p-sj»- ^J j j ij 
S_o-L«Jl iis^iL; AsOZ) jl <U< jl jl J^3 jjo L«l . *1VLs£\ jdJ ^ r- jU JjL». i -Pj . lLi*i 

.*Ljj-aII ^ L / 9 j p J-^* ^l-^i L»,» Lc^J -..,.. -j jl ,jl jdjJl cJLLJ L^o> > llg.1 jlj 

y^j*<-/j± Hjtjb* J^ ti i/* ^ ^ jjj > dUi A~ . 2- jv» ^oij 

jy- tA^-j^W ^jp APlij i f'j^l ,_K* V^j' t5-^' LkjLLj tljjiS" r- joJjLa jJlS" 
r-ju JjL». jvsl .<j-*LaJl Ajjv^aJl Aj^^IiJl Jj^>- jiji ,c^J <U--i /fP <— -~>«J j' JjL>- 
^jip jilj t jjL. ^^ ^ tAjL^jJl ^ . jwJl L^ljj ajj-5" c~«J 5ix_tll jl i \s- 
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ji»xJl f Jbi«j:....j O "VI j-*_J - iJis-^Il "^j^J" (Js**^ jJU^il jL lU~~«j AjU-w» jJ 

^jjs- .2L«5'Liilj iijj.1 ii^jkJl oi^j i UJI 3L>Jh ^ jv^-iJt r- jojjL* lo~. U-j 

~4jyL~taj\ O. : : »j c4J^ jjytJj L^ Askil J p- l^*J I^S" jLi>-Lt^j r- jJ JjL*j j « jlS" 

."Li».,..J V UJUIS"' 01 ,i cr- jojjL* i_~~>- c4^j>J.t 

Aji Ui^-">L» t(J, u /U LjLU r- jJ JjL* t_,7*C . o.5-l£- «L i>x^ C~~>" 1 g'^»; oL<JLj <Loj 
^i U j£" _ \^i>y^>tJ jUil* jjjj UI j <.*>y?>^t> ld-?*J' ^^ J^" 01 (V S-iJ ^ 

"anschaulich" i-iS* J_j>- L$j Ol$i~> ^ :Lij^ ol»*>b^l Llu L»-* JL* ji ySj\ 
Jijllj cOliVl ^j-iJl *U*J J^liw. c-*Jt IA* s-r- ^ -L*^ 1 t^l^Jl] 

lJ 1p AJjJl JjP i <ti»u r- jOJjU OjJLP JL«J .SjjJj^^I J,l L^ioL^-y iy_j^>- ^ 1$-^ 

:JUl_^Jl 
"Uber den anschaulichen Inhalt der quantentheoretischen Kinematik 
und Mechanik" 

",rtf" (ijS i*J sOj-Ij 3-J5" 01 ji \-<S ."^Jj" Jl anschaulichen ^JS" p-ry 

ii .n 

• *A J 

anschaulich 0_^u t^-iJl 01* I-»-! i"^ ^^ij" anschauen J*iJl ,^u 

«j, k:. «j y^^ J-^ ii-jJli-1 r- jujjL» jljl Jlii .«u* ^^aJl *i OV *>Uli 0jXj Ju>- 

Jl anschaulichen 3-<^ry ^"L. 1 Iaj il^ia*-^j 01 Uli d~>- j* <^.jA \ \* 
oLoi" <^\ _ "c_pl." Jl Lf^>-y ^jL* UjjI IJLa . l _ r ^j OV Jjli <^t - "^/-j— ■*■" 
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alp-L» Jil c— ~J /*-»"jl UsLvji -J sLjj^iJl cJL»o jJI * J r^- i j^j^ S-ci^Jl 

J,] jJij 015" j^j- tcl-^Jl i\y>A -b4 ^ «ol j^p ."aiaJt j_^p" tUngenauigkeit 

ls^i ^ju^jJi ^ ^j^Ji ^p J^.j ^^-i j* J^ oyi (^iii c^^iiJi ^£J~\ 

tbestimmen J*iJl j^ Sipili ;Unbestimmtheit s^JS' ^o^«iJ cj-J <_sV 

i_il_v3jVt ipJl^Vj 2_«j^>iJI tcjLJI ^ UjJl j_^P jjy tlj~£ -LaP -Ll! .":>_b>*j" 

^lys ^ oL><J j^hii, <\_JkJ?yZ>\\ "o^l" cUnsicherheit <*iS' L.1 .a^b^l 

V ^V c?-jujjL* aJp jtp L. lJu^j ^ *l5 j j jx*J "y^Jl j_^p" 01 jaI^I 

.Jjail ji^J jAj t[indeterminacy] aj^o^-^I I.L-. ^ iaj^J^I. 4c_>-bU 
Michael] Oby J^b. ^j^ t Copenhagen" c ^^_^"' 4^-j^ J 1 ^* ij) 
( . [indeterminability] " :>-bJJ aJjLoJI ^ jp" :^yJlj ^jl JJjJ a jLp [Frayan 
die unscharfe J| 4JlWl 0jj"-l»o jjJJI AijJOh sLJp j^-io tjjol^l cJ^Ji ^j 
lJwj sharpness t^jjJ^-^l ^ LS 4JliV* ^ .-l> jL>- >*j tRelation 
2-jLslaJl IA-» | jp Ju;jJ-l . ^.L^» ^l«j unscharf 0U l-iJj ti>«->ljj! ojj_^i! 
JjL^ L> iiy«^ (iJLJp v--*-** jjO^jJI ji c~Jwl LiS" 4jl c9-i~>- ^»Li» ^j^j 
J_^-jJ L^Jlajj Lc. <-^_4 a^ifT cu-J "blurriness" "oLUaJl" 01 jjp .^jj 
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ajV iSj>-t Jj 4^15" ,y l \J&\ aIaJj ijjJ r-^jjLfc J 15 t"Li*^J V L^LiS"' 
Aji -laipl jjj jl j_Lj 4jl jj> .aJ^Sj -^p lili? joJ ^oiS" iJL* c— J AJI -la^pl 
l )s- jvOj jlS" JJLJ . cl^>«Jl J-v^lj AJl jJ 4:n_j»w2Jl j>oCjl jl S^JSJl ^1p jixj l3j_»< 

.l^j^L> oLJSy L$-lp j>^^. VJ a^L^JI cj15%JI 

ijy-klJl Jy Ja^jJl jjJj ^jij jl %.l t^-L^JjS" Jjj jlj 4 1927 jjjj ^ 
jjj oli-a» 1 i_~~»j p j-a-^l; r- jojjI*> L^P C-ijjjpl oljil iS-^~\ <j •UHj^»^' 

t,j£sjjii «_. J*-» xl Aj^jLL. i j 4CjI— . -Lil aJL* JfT ^i 4 jjj OVS" tJj.Uil i 

r- j\jjjlfc f- «j •_» i$J^J jlSJ Jjj lal . (jlkj V (_^-iJl at «J_£j « 44H_X~wO -IiiL>«j 

.S^Jip Aj^-zJ Jl ^a.aj i JjbU (j>J 4*>Lli 
lo-j r- jHjjl*» jis-oJ 4?tPjil Jjj jjwa»- /jP IJL*J 4^JL* .r- j~) Ajt*l>- i llCjslSl 

Aji <_a*S" ^p LL-u* t jjj Jl IL y>- i_j5" sji Jju j 40 ji»- j I iLllJI -g-iVl Ji oi> 

. U-g-Ly 2i*}l*Jl 

o-UUJl (s^^" a**-^ 9 j' AiiSs^ jl aJLjj aj^So a5Mp IjL* 0j5nJ ^jJ 4dJUi .J^ 
<L*iL*JI jjL»«jj i (_£JUl ir j\J jjL* Oli -jjJ IJLpL*^» t- jJ :jI*> o\S {j^>- I - g : _; 
c^iJl y>Vl 4(ApL~« ^yi (j*Jj) li^l u>^ Oi»- A^*l (Jaj- -^ clll Jul ^jj^tjJlj 

jj^l J* Aj^SsjiJl AJ^Ija Js_Lj 4jI ■yt l^aljlll «LjI JU^iol •-» IjLA 4(^>>-i tl— ii -.o.,^» 
ip tlJLs-j J^*i /TjV'ji'-* 1 /"W-^l A>tPjl LC.j (^JJl 4 jjj. jip 4tUj"Vl (i .A^iU 

4 jj^ijj tL;jV*JI tUip 01S" ^Jl ^JsUil ^U-jj LgJl l-b aji^j iiij^r aJUJL>- 2l>i»- 

1 J Jul A-J Jl j»j^jL4 . g a' ^t;j>e^i) 4jL*JJ Si^Lv» 4eJb-^ A^JT. /»LiJl j f- ri « 
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C^ijji L^jj Uli jj 1 AJ\i tUL>-V S-j Jl 1-^ Lg-^^fTl Jl 4i_Jl 4*<>_Jl ^^ 
o>">Li£ ^JojyA ol>-j-« j>pI (_£ Jl t jjjJ j^~-j JlSJ . SjLJJI « sL> j^l JsL-jI i 

4^J jl JljpJ J,^J Ik^-V Loi" tjU-y J' 4_oJj£-l JlP JyCj 4jl Jli jl tAjLoJ3-l 

1 L*U Lg-^ii jf- 4~<JxJl tbj-Jl Ifi o^>«-*2il j-Jl aJL i^sJl ^ j-^a^j 11 ^p li_i 
j* *J&S'I JJj 'L^-lp ^J <^~*~0J t^jlyJl dJj r- jOjjIa 4^jj CJ.J~b- . ( _y>-jli-l 
yi^j^A ^£-«JJ <J J* J^" j-* ^yh> ^ t_^P ^~^H lf\ - ryy jjI* Jl V~-> . ,ii!i 

.aJl^(jJ| <£j| s-LjjJ JL-pLj c «u» <j>L>- l£ Jl JJ-*^ jj^ JLLP t^LiJl I -i* J>1*j 
Jycj Jl 4JL JJl JbJbi ^ JL*L>- i^Jl ye> <;*Ul ,i Aii^Ji y.y^"\ <.jy JLS" 
jllp j»bJl «-j jlaJ .,*--<' jl liL^" <_i iijy-* Lg-~ij U>r jl *>Jl y^l^t Jp L$iij 

J,l 4-J-* aJjj^Ilj J »?0 jl jj^SJl 1 1*5 1 J-P l__st »1) *Jl tJ^jUiJl a^Ssi -jP jjj 

lfxJlix~o *bJ\ J*>«j jl ^j^i 0V5" .LJ^ j-* -Lg-J^ JiaJ i^JJl ^iL^SJl i L*!l 
JlaJ .sJj-Jl As- JJa-Lil j-^jbf /^ . kcSfl e- Lkill J_^ 4_L^pj . gali aLIS jvSJl 
.oJl* ^>-jJl SJ «L£ ^p a-» «I ^1?- y J,[ 5iJj- ajj Jl ,*5Jl slj lj 1 jl y~ cJLiil 

5iJ2j oJU iJLo^ ^ jij y^i t'-j-J Jj /y>-Lg-L) »5 t-jO ijL* j^Lp jl Jju_ 
Oskar] jJi' jlSL-jl tJjjJ^I »_lpL~« a^^j .3^ Jl laJ, ^Ui-1 aLjIJ aIj^j 
tstljl ^-~>y>H <. JLp cjj-^li ^^jjj j_^j jlS" caJlp ^J-C U jj-Vj jlS" (jJJl c[Klein 

jj>- .-^J-^-T V* 'JLj J t(i;l— Jl f »JI *Uj «Jj j jry^ -" L* -^-d J" ^" Lw» \S i * 
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*U*iJ c^lf^ jL^i <-^J^ J^ L ~ !| J^ go^ 1 p-^j 5 ' J! jjh Jfy 1 - 

JSLio Sf^W.ll i_iJll]l 2_Ju^> c_L^jj .4-L« c-JyiJL; Uajl^> jUS" Ui ttJu^Jl 4H2P 

t^JsJl 2J'jj ^"V*U-I c[Margrethe Bor] j^. c_iy>-jL. ^U cJlS" UU>-i . jl y 

. aJjLp ajl>-l j_po j! .JojJa_ jlS" L>_p- Jj^Is .c^ ^J,/* 1 (V* i? 1 ^ ^ * |k '^js^ 
jlS"j tj^JUl j» , g» ; o^- tSLi-L) jyoiiL. J lil»l a~~^J- jy_ Jl <_£_U jl5f ciJlJuT 

. jJjj jl ^JLij ^ip ^LJl JaLJI 

C~PjPjJ jl O-b^j i t3^xUil ipL^aJl -fP i^j>«_jl *UjI 4V,,.,.,aPj «:Oy 15" j^Pj 

«■^iJl iJ «L» jl l ^i2jLu2jL iJ^ aS ' <— iwj <^l (JLp jiyi^ .^-*L- V o^liipl ^ j«j 5^j 

0jjjv2jLj . i^Lflj K*J3 y I J-* /r>o A .<L5n-— '^IS' A*L 4jLg-Jl ji <UP jy»j jl ^J a-»5sjl 

jjSo jl jji Jb- (_£JJl ^^-Jl jJ _ip «jJaJl ikL- Oi f bJtj O^l jl j^j JJLpI 
cLjjj-^» j 4S0 jl L^_j>-Li» LgJ iljl ^jl <L>^*500l Oli »SJkl j^-^tji' CjI>-j-« 

L. j_J Vr_^ ( ^-^ ^ j^ { ^> ty -f-^ ut*^ ^>- j^^jj^ oV^ 
JJH Jj/b fjjf L. jjo ^,-LiJl .aJL^LiJl SjUJl ^ oUjw-^1. 2uj (.\jsrl Jjbi ^ lili» 

£-j g? ->-ij o^ u*^ ^ j*^ ^J^J ^j^ ^J ^-^^ 'Ji*-^ 1 ^ 
. X> jLLJJ tJIiJI 5Jjlill *Ap J^ij jl Ajip jl jjp t iMi jl IJl* ^Li jbio jl lis-^Ml 

-«iNjtl gJ jOlll A*J* a-ttS-jl <*J>- A' 4JI^ j' .^^«jjl j 0J2J LSsJ^J J ■ (j ■■■ ' 5_J _5\ oJL* J 

o jj-b I jjkj . o-li i iSj^ oVL«j>-I jlj c^JU^- Ji <u**i 1/^* ^^-j 01 AA«i>- 

i3_jl^ ^i jjj Sijjs» ^UJI jli' AiJ . t^yi Oi ~4Ju>- V cjL-LaJ 3i5^J.I »JUJl ^ _y jj 

. Jj»Ij oii— c-/ ajjjbdsl olJlSU^ri oJla JS' ( _ ? Ip liLU-l 
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cUUaj! jL-i y>£ i jlIpcUJ^ 1 1927 j-oi~^ i *LLiJl oLdi j^j ^ ^p 
tbj^Jl -b'lj t[Alessandro Volta] UJy j^aJL-Jl oUj ^ j y jjy:. VIjL^-I 
jl ij^i ^Jb j* (JJI ^ ^^ ^Jl j^UV' -^U c~lSo t^.j 11 •J 1 ^.^ 

.£Ul OjO^ ^ L^i ^ ^1 ii^kllj ^liil <.^sS\ J-^j <SjJj*> y^> J* 
L* y i o^ V 5— w-dLLt_j 3..:,.aU jjj c^Ui>-*>l* cJlS" t<u~iJ cJ^Jl ^j tdJli ( _ s 1p 
^_J J,Ui ^ jl I j7 «j. J-LSCJt 4L jVl ^ <^J (I ^ jjl . J^Sf I (Ja« ^ ' 

(jjii—l .a-aLJI Nature 4I4 ,_y t^> ^ j^jS" <i <Gjv»L>«1 Ij^-^ jjj -Api 

aJp-L — • tj^til ^y» oL/jLoJjl t4-*zll Js>jia>J.I ApL-^ e^lpj Vw« JJ-fr^ o-Ap _« VI 
C^*-i? -Jl tAj^lJl i3*^J • J! 3 ^'"*^ (V* ~^j^ Lg- y^ t J_JJ jV 3 '^ ^ * oljl-lZpl c (_J,_J-! /r* 

Jji^I Ji jjj jl iiLJL*- l5 Ip ^L j/J.1 «uS'jJUJ t(J,Ul ^l*Jl ^ \jy\ i lji^-1 
Jj-LS" t<tl«l jt- rt+aiS *j\ js- t4*£L^*>\^Jl t\jjJd\ lS^W* «jL*i^I ^j JUiJ-l (j\ 

^J 1.9 y^>^.\ iJlJb ^j IjJ-V 4^Jl£jl" ipjl^il j_jj OljLp jjfxJ V' (i t ( _ r -JVj 

^-ji /y^ J* <^>y<S^ Oj-iUail ^P _^?*Jl (_/ Jj>*>«-*! -AS [c-bj^iJl «.Lip] jl 

II- 
• 4-UO J J .,f? I 

ojUi~ll illj-iV' ^ UJL-1 j_^LfNj" o jM* j j jlS"4Jl tjlill J^_- ( _ 5 ip tjjj J U 

jlSsj V iL«Jr sJufcj t"Ax ;? kJl OV^J^ (V^iJ-^ (J^-^ 3i«jill 4jljjJl JLp jr*»^' (V 

tNature 4l>*l (^jL*JI ^jUJI oi*?r L^Jl <-~>_j Vj iajj^-JI o^Uli^i— VI (yi^ 
.s ji y J t> iJj-5 8 I-* r*^ f ^*;: ikj^ ujl- 1 *^ /r* c~L*>- ui 

jij ULp JUj »j>i ^j c^Uil j— Jl F^y '-^l- ^! jl Oj>J c -'^^ , 1-^-* 
t^jJiJUL^Lpjl J5LiJoL«.LSil J5" c^s^jj jl jjj JjL>- L5"j '■Cr^J • :> J JLsl (^' 
^ f>^JL ^LJil Jl j-* f»-«J^ JjU- L* iJukj c*>-ll 1>-Jl5^w« ^j JUJui-l .^Lail 
cu^Ls >sjji>-\ L» JLp i_iS »i ^Lwi" /r* A t^ i> J-^ 2 ^ ^-* • 4 -* | l-^ *■*! L» -Aj-A^^j ^-*Ij^' 
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lJL*j tii^uJl ^ *SJl l£jl£J> t ^ r L^jjS' Jjjbj ^^o— i L» aL^p cjSjj IdfC* 

-L>-jJ tOjii^JI A_l^-lajl oli*&J-l ^ -^Jb AJl jJ-j .0^.1^« AJl _^J LkS'yVl \-M J-a3 

H^j-* t/ jW^' °'> f' 'f j^ "^ ij^ jy. *j^ '•j** j* <J** ^-^ 'p-L-^' «^ 

c~^« ,Jy Ji a^LU r-^JjjU 2^pj jl A ?JjLJ V ^1 J~^ ,Js- jjj. sj-^S 
AJl 4j^ if t jjj «IjV Jj'LliII J,l *jj\a.s>\ t Ja*Jl t^^j U5" tLJlil i Ajj>b~oVl 
A-JaJl ib>- U^j>«-i U^rJ ' ^r 1 -^ UJ-*; 0' ilP^-i 4-*^. ''ri - ^' "^r*3 ^^PN! <— * >*" 

iSLio jjj <ulp ^.i jl Li o^l i <ii>*j jJuJ ^Lp jIjvs^AJ <_JuSo^ ip aJIS' 

C-'Ijv2- ; JI -fP ijV-~4 77 j>( JjL* jlj t^juUAjlj 4-«jL»jl Ajj j-o-f- jJ ,i_^^bv» 

Jb-lj J iJlJbTjJii aJI US" tJjSfl fUil J f*£l\ \^J[^> ^J\^ ^Jl v^Vi 



197 £^A' j y- -^j^ (%-=>'" 

ja 4j\Jp£ Jl i>-U-l yiJUI^I 4j1 j^u" L_~Jtv2J 1-LgJ .dl^J jr^-W ^L^i 
O JL* /riLf- ' ij'T^ i'', 'l J-^ J^ •^ JU . ■~ a J_}J* £! Lusl>- j^I ^. ■■;" Jl--*-*--^ 

j txJo , b ii ^-^j c->l JJI j»l i^>-i 1 g t c- L> /po j» 2LJI J-*Jl « .pUL* i«j jl «d — ■ .^"l« 

tLolp . j' 3_jLSsj j-»V (3"«^ tJV" j^J) '/T r^Ji^-A (JjJJ flzJl \JL-i i -»-1 ■ -■»' I 

c~jpy--i jl» j_jj 4-4'j^i oi ^^j oi **-_} i ^j i c^j>ji isCji^Li t\jjji\ 

.«J-jL* cJii tSisL-^j cL^Jlj t<L<>_g-« 4_aJL>- 

ij-*-^ [V' j^^Jj^J (Ji*****i' ^LjP jl» c j_jf ISsJuj 1 o g * y S s-LiJ /p'j j» bl 
J J-- LS »i\j JjjL'j^paJ *ib li*j 1927 ^.j J^U- l j i i^jl * Ji jlL5 .dAb ^L— t 

Jl «JJLi 1 ibUi* <=^>- ( Jp jji*Jl <uJjU£ jl j>P '^y^* J-la-gj /^o i . jJLj U^i 

LiS Jj«j j£-3*j£i 4j jj^JL**! C--w>- ^(Jiiy. ^ cUa-^j LiJi t^juJ^il Ui> .£,5^ t_£l 

5JaiL>tilj is«-^il ^va^-±Jl t^ojjO. jlS^i tll*-^j tiJj^j JIpUj .2uu»bLl ^ *>L»j 

. V «JL» "!Aj Jb t LLoJLp 

uy>- c 1909 f U j^h" ^> cJj ^ .uiii^V Jlj Ji fbJl jl -b V tL'y^lii 
L^llC ji s^Urll tLjjiJ! Jp (ju«i <ij Ji» t j ojjjsJ( 4~>iStj />p lJ~>-j /«J'JLj jLT 

Jj Jijj 4_^- Al 4j^]aJl ,ju rc^Jj L^Jl jJLf- L^Ljb" OOT «.jJaJl ^ «JbJb>- hysj 
■j^J jS\ C^i)\ iJLi ^jhjjLa J^i.1 J_Sj ."[jjjyjl i^l] oljIJLs^^l 
IJL* li» jl jiP .2UijL»J.I *ljV jj> S-^y ikr*-^-' J'! ^r^-( i o^y. ^j «jv^Li 
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. jasUJlj j-% L»-* yr gT,j tL^>-L^j Ji» cju ^LJ d) U 
,, g . - - a 'i \ t\jyJ>j\ »L«Jp ^ jii5" p-*Js>?\ <-y£ ^-> »^t'iI •_* SjJl» /tj>L*l Jj«j 
( _ r ^>^ j (Jn^I sL^ji Lp [Ernest Solvay] <J&y c— J jl 015" . "cU y"yi\ « 

-L*JJ 1 1911 (*Lp J} .{y}ya}\ oli y.^ 4-pL*a> i^-Lfc* _^P Ojy ji»- ,JL*JJ jLa 

<(t ^Jp l^-U-l _/S"Vl aLl-V* J_j5--t5j_jS'ct-t.j (.ijijjj <.<lk°%. ij^LiA ^jj> 

* * ' 

olji-Jl ^ LL^Pj L^S"jj jo^l S^JbJl oLs-LUl ^» Oj-uD ia-L- ,-aJj— ' olyry» 

d)! -bu t»^» Jjl jjj jvi>- LJ ijcJ^jl jLp .1927 ^ ( _ r ~«Ul-\ ^jiJj^Jl sAJiill 
iJL^j j^JI l£jl£L« r^iLiJJ 4js jyt* c5j%fT 3JL~» iJL* cJlS" u ~*\£-\ ^j-Jl 

jl AjoUS' (_^aij j^j ji e-Lt^-L; t^jJli-lj jCJULJI (j^j^' uy OJV (*-y»-*J OJb>- 
J>!J ^^Ji^* ^ J-^" <t>~^ jL*^» t/» ji (i -^jij^—*^ J^ C^l Ji *J-^fr! f-^-i 

i^U- jj-o ,1 J^LL. j* \ t i..y,- j* ^\jH\ Ji ^1 iSoiSLiT.^jJL) V! * Jiji^j 
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r^S J^rjy. tJ2 Jj^>- c>-VI *_-iU-l ^ .dli Aii JLi U}JJ~\ ji caJV-^I Up j' 

JjjLJI Uailj t^j^SJI obrali ^ <Uj^jL. ^ I^Lp U-li^ >4^jj^ -^p! 0y>- ^ 
yijijj^. Ui L_i JjuJLs^ t-jojjL*j Oj^j ,>• I .i U- 1 JLaJ 4iJb- jLjI .J.Lo^s-VI 

i 
c^-UUl /L^cJi LLj j Jt jlj cAi/j^ VI v-*^ V Oli' g;AJl cOi^^J W 

UjJIi j*y\ { jaJ£± i AJl ^Ajli tJOj^Jl i^^v -*** tofrLft^i (U-jj ^>^ C(t->Jl iSsJlSL^ 
^jiL Oli" L« IIJLp tjjf jil cjI^^sLs^- j"}^ .Lxxju-^ j-jLLi ^Jjj aj|j c Liij ^Jl 
vlJjj J*jij Oli c.^1xiJ tj^i''' ^ o-b»*^ 0>^J .4J"VL«-iol rj£- »jjo « ' ~ - /■»" 
L-i 2iiD ^yi^j lc.»Sol lXJL5w. ^ ^^aJl *jtij i Lc.j 4JL lij^t* cAjjiJkipl *JLjaj 

oLpI— Jl i t^UiaJl CjLj>- « Jjl-^ «-LiJi .Uj-«^ Ojj-ia?- Jjt?r cviiii ^1p 
*StJl lisJlSL* f- Lil ^^j 15" tJJJl ^ o^-L* cj15j! ^ij coLpL>j>-">U aJU"! 
i ^Jl toL. J ji.llj tAjjbjJl . 4JUijL>xij « ^j[p r^ijj 1,%-gjlJiiai* /fp ^l.^giyi Jjp 
,ji>- t'UL>-! jLi^o .g' tj-v i]L* jLS" . 2L«j&I jj^- c—Lb jjj caJS" 4J*)ULp oJ 
(_$Jj>-J ^ -iSr^ ol ,Sw ■*** cj\^o\jS-\ <_jI*^u»>I J& L> S^^jtA f- LJ-I A^-aj 
jUjJ^i J_^ jb-l _yhj c[Paul Ehrenfest] c—~iiyt>l JjL ^li 4 cjL-U1i 
Jjf- JjL J «>- /jj «Sol jjL* v-« Ojjlj 2jIiSo i i ysJuirj ^-?> y>** ^ji-^-^j Cr^~- -^ 
L_^aLoJJkl »JLP^P J,_^!J r-joJjL* J^- ."^jVIJ^'^s-'^' J^-i ^1^-*" : o j^— Jl 
tj^iSol V_^«j i '(ji^VI ^LiJ. oLpI^-« L»aI~-I jl«J .jcJLaJI jj^jJI I_l* ^j>Juj 
v_j j-» j ij V I 01 j Cj^^JLSJJ sLpJL» V 4jI lo ^ ..^ii;i jLJloJu !■> ^ pL^ /r^- ^^ ^ J^~ 

.^U^Lpo/j 



3Uji Iju. 200 

4JLJ_siJ oUil^Cpl ^P ^ililj jl tijLJiiJl , jjL.il i S-^i ^ J^ cT^*" 4 
2LoL>- SJjLsi i ju l3j^p! Jij . Ljip f- lijJl J,l 4_-L» <l>-L>- i Ljjl SJLib- \ «y_ 1 

U»J 4j">L»j -j* i li» -li! .4_L&i> Sj^sf ^.L,Aa.U AjIjj! c5-^^i u^-^-J ^ Jl^u-I 

i iJ js- ji_ ^i\jjj^s}y\ ^j» <r U_i i Ij^S^Lj jl *-$jL« .ilsL^Jl ^ i>lp *^i 

i''-/' » c^jliU- ti tJ-l u . :i ^^_o L» «j w) L>t^vjj (3jVI i_J"->- ^i—*-^ 5 <LjU 

.-JyiSl i l*Jl sjjal! Lp )-1>«j LJ jJI (oy&lIiJl «Jla vjuil!f) .c>y>-l 4^>jjl*j \JL>-1 

tjJ^\ <.jts- *--lJl j^ill y.u ^ [Augustin Fresnel] J-^-y j^l^j) 

Lj_~iJ 9- jjjj c^_liJ( j^p y? jJl ioylSl olij^^So^l -y*"' j' f—^y ij aJjLjJL 
t. U ^-^y> ji 4j,LiJlj j»-U2*<2j jl L» .:>yL» jjj^sjl i ^SuiJl Jp- L>*j ^Ju^jI 

A^~ A.\ SJIjUl .Jp Oi*-^ .Iji^ P~\ * ->JjC d J. 1 U . ^il JLoJ3-l (j »5sJ jl jy-! S* 5 "" 
jl ^(JUJU-LjI J jL>eJ Lo-J 4^ dl^vj 1 -ijts |JS> .-bwl>-l JW» Jl , j>s— J ,i olp^3 joCJ j I 

j»jii__j 4J| .j»SJl L>^JL>w« Jip yl iiil i _^juijji J» I jipl i^Lio rt--^l L« i^-J I -I* 

tJi>-l s «—J .0 j ip j>~^ v_^u^2J Al^+a y ^JCj L» 4jl /t-^j tc i -^" A£-r^i JS *J2J Vw2->l 
jl J JjU fUuJti J_JJ <^S (_$JUl oA j aJ « iJrtJUUjI ^ju f' IjJuU J^J>- J^ ■( g U jyj2jj\ Oli 

j v ^j L#jljj t^^^jLi^jl as?l>- -ja « j^- c^U>o. J>f j j ""'l I-La ^ .4j^j -jjyiup Jl 43- 
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Js- (jy J^_ LJ) J\ k. jjajl ^ r jjy\ yfcl^k!l JjJ ^ki^j jl Jii^jl j V 
t5L_-j i]L» j_iSsJ jl ,^-icj .L^LjfL JUaiJl o>« j wii jr^ol IxJL5\— « -^kJ i Lc.j 4J1 
C— w>tj L./? aril; oli «jOO^l iJji_- v_»)L«J- t»>Jl l5\Jl>— « /_4 »iipl ^y^ j*-^ 
j {j&h JU^Vl OjS^j i_ij_ t3jbU ^jJJ ^ .Lf^ JS* JU.AiJj j-dl ur-"^ 

4j » jjij L» 2iyu i L»L jl JLij^ojJl 1 bJl (*— 'J <j ^-^ -^ ji^ J^- _p<j .J-^ 
IfsJlSL* JLp jyLL. . JUa^-^1 i_Ju»jJl Jl jj^l ^ji^ ^y ^i* ^J '°J^ J^ 

i~»i>- JUf-V' ^i j_^ J' v 5 ^! ■ j^ 1 ™! 1 -^ *-*^ tlfr a.' 4i^k!lj LjJ jl -JxJl 

s^ojj-l i ^_**>L—I jLf<V Ij^j-* Jl«j>-Vl J^---^ jj>~i rj .A- : SL^ K >lxJ! ii^kJlj 

L~v> V 4-^ OLJ^ ISwJUjI Jl~lJ^~ 4-j Jl |j^« J«ljj>il^l 0.iL/2-« <L>iJ>- j jj »- Js 

j j:s _ 4~laJJ| L >i.,.t.:jl 4j^4 ^j cjI jj^J ( Vl Jj^- oL>^lj<il ^ -bjil ^ys^jy 
V jJuSJ Oj~i-l Jai JlP Jj-^aJ-1 «JiL^J jl tS-iUJl; ol.lla-^1 LS jjj^Jl 

ji L _ r J j«_j!aJLj .^«JUtJjV .5^1 IJL* ^-rr" 15^' Ja^«-~~Jl 4JL>- J~**J *— *-*aj V 

jJJ: .Ljjp J^ai-i ^ ^y ^Ji ^u^Ldi jr dLk*; j! j^Jl lXJl5L<. ^j 
LjsjP j^j .Lf^ i—jIaJI i_i-i»S' Jyi<^j\ ^J ^Jl Jj^Liil _* -k-^aJl <u>-j JLp 

CJJJ wlj *SJ| lSv_jl>\_« j aSj jl , J^>tl>«J .l*Jj L*ll J_»J ^li tilS^-ii.1 ^2J li -.p 

^>>Loj5~ c_jjJ_-li 4JLJ.I jj.,^j" ^iJj-*Jl fliLJl J_«j c— jiJj-»| Ifr—S' ^l^j 3-»J 
.a_bJj>- ?tj^j>cj l«Jlj ljjfcl>- jlS" t^-jW.tJl 4_*J i L^ ^(jiji^jl jj t Jli -LiJ -^j-* 
. >>-Vl j-Lj Jliil l^J ^Is aij CjIj^I 4_jL~U jl?-i AjL>w*p /_* L»j.i r j2i-i jy_ jlj 
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[La_prj i] *lki ti-LnJl C-jyiP 4-jJ ^ \^S c?-L^> lff 015" 4jLs tj^M.iA L.! 
iJi 1 *^ ^JJ ilr* i ~~ ~-*Jj*>\ jA>J ."jAiJ V 3_*J li o~U>- L» jlT JliJ teljl .iJlj 
«.ilJLj l$j i^jJjC J| L^JIi SjL^^Jb t J-4*U aJL» tju^m, *S^i\ iSLilSL* -jP OJb^ 
L>j *JlP 0l> liJJj Jbu l_JjCpl 4ji ^P .4_*uij t jU*i^l jJJJb jj*- 1 Jjj tA_ r _3 -jP 

(_$ aS^JuJl ojLL» » h', ..f i ; j y. t iU>- ^ jl5'4j| p^-jj .jjJjLSb y«-io *Ujt>- t juJUjl 

^- J! Ll^« j5l (1 ^Sf LlL-i tLgJ iJjLil ,1 ^i > ^y^J ij^^v <j! 
gjt ^>^. ^ . jjj Vj ij^i^.V 5iU-J! ^—lil ^j-J» tliJJl 2-pr^ i_~L4 (i 

LxJuiJ Lo-g-« 0LS' LS iJ j—Jl tLLUi jl r- ^JJjL* ♦Jj <*lijis> aji Aju . Jb>-lj t Jb>- ^ 

tj../aa,:il <JI J k./^1 jl -bu ci_Jj^pi <C\ *J-j t,*Sol iSLjlSL» ^ Lg,.l.P ,*-«-4 4jjj 
jpl5L_i ^ L*Li!i «j%i>Lsi i . <u~ij jjfcj i(J,_^j_j tjjj .y» (J^-^J p L«^>-^' 0L; 
r^jj - derKopenhagener Geist ^j j_^. joU ^ ^L^pb J^Jj^ c 1929 j»Lp 
ajjJJ IjjL l y> r [^jjS' JjjU oLS" t^j-^lj ^LiSn ^ JS" j^p . t v r ^-L^jjS' 
01S* L. jJlL IpjI^ Jji*J^ j>p Jjj'^1 *Ia JJs JiJ .f*S0l iSljlSL. ^ V-W^ 1 
<up ii—jtiJi •jp i><jt)u Qj.o.L...o jjv?- , ^ c^j ** 5 <lL«-p /jP o ij JL>t!J ApL-il . I V»j 

ip J„^->- Xe} .a^LiJ Jjij Lo-i cSiSLiAl j> !h , ,ja.H <^-^ JU- aJut .cjUiSob 
.^U^U ^Jl>o 01 aJ^z— j -^j iJU* 0* J-j i 4jt |^pj t*il_^!l ^V' ilaLj 



203 £lA' jy ^j 1 * (*-=>** 

."^JLiJl ^l&l" jlSol SjiUl oljj ^ aJUi— ^1 l<Jl5L« t/ J 
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»jjj »y} J-^S) _£*-** ^jj jr^Lg-^jS" i/ ^*jj ' 1928 ow' *jL$j J^ 
JL>-j l^j- .jIj3*iuj J,l <J.s^p Li jjj jJlJ s-Li) ^ ">L«I t /fj^^j yr ^i XJl*& 
t^-J^l Ai^laJl /*-*LJ' l-*-*> t^^" L«^* j»L«jjfcL! jy_ «.o.i.^t toj^JaJl Jju p- l^i i^--9j 
tlly^ Ji> jlj tliJl ">b- op! ol5" t^-j t[George Gamow] j»Lt r jj^ 
i_jL>-Ls t -prl^jj «S' ^ <J »>^ «j^j ^p j «j <JL- .*}L iL> I-L^p <Ujli cJis 4~>*^-V 

oLkLJl <0 C->w-- (^JJl J~->a!I *JLil j V t'*— jjj fjjl (i SjJiUcoJJ ^k >. 4jLj 

h*^* *J y.Oj jl f' UalJ 4Jl jJ ,UL~- jlS" \'i\ U j_«j <dL- . JLaJ Ji «dL»-^! 4_^ij_Jl 

.<uiilj^ c£JjI *j 4<*ij ,*-dJ t">Ui j-«L>- jj^j . JL^jtli ^ *lp ojl 

t^c-U-i^l J^U^Ij JJiLd.1 4_c.Ai!l 4^*-">l! j^L>- j^-oiJ _y& j y «Liil ^1 L 
■^jyjj^j ^ <^-^'j 1 1898 (>Lp tJbJi* J_g_P Jo. tijjS' c£jl» 'di*- V <S^ y>^ 
:11LL^I IjL~« Jl^j J^Uj^I jl j^-fx~<^>r <_glj jlSJ .1902 A* L^S" Lpj~-j 
*-£jj . (J">^-=»«J V (i f^t*j Ji" '■^j i/ '^-^ VLo-^-l »yi^ — • j>p oljj SjI <_£-\J 

Ji^- i t^uiiJ 4jLJL>- SjLlaJl jjp oybUaJ cLj-iJl ^ ^P S-lb- JjI c^JlS" aJufc jl 
oljiiJl jl Jilidi Ib-V ,jy>- 1 1916 (»Lp ,_y ^y^- .si>jJb\ fLJLp ^L^iaIj i^iL* 
fLjj-iil fLJLp *-fij ^ c4__jjj jLoJU>-Yl jjJlilS LajjJj liJi j_*j »jj ^i iJjjoJ^I 
Ij-o-^jj jl -^p i^LaU cAj^JaJl o-LJl c-b>-J JLi ^Sy^j oJOJL»: S y* U» jl ^15" 
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^jd j£j ^ .1932 (»Lp VI j»jj i ^Li^VI \JL* 2j>w c-Jl l^aJ! Dj/~JI UsLijS'l 

p^-jb^J — j r£>JI j iij-M Jlp ^jyCj ! aJ->tJU ol j-Jl Ufl-»._i Lo-f- a psi tb V^l «LJlP 
i\2ij c_jLp «I jj ^-*- i c3_>t_iJI 4^-j> o>\J ytj}\ -j» JJup- t <^^y ["^^-i DI 

.oljJl i Lai ISonjJJ « bjji IjiLi^j > :-■'•■: c -j JuLsi 

J^Li-J 4i?LvJI i 4jl-f- L>o »jt •_<k^>tj D' (S y~" j-*l-*r z*-*"} ,/ /Ps! r '°jjjv 2 -M 
c->lji ajjjI ,*-« <LaL>^» LgJl ^JjyJ.1 cliJl cjL__^ DI l U=*«-j -^ ■ls p ^- : '^' ^' 
cuili I - g j 4jl ^j-til a5« co .av,.,.^» j^p 2i_au ajoJI J LL^^a o.i *>-«-« ' ^ j_ g 
CjU~~>- jj^i=> Dj^ J_^ ^1 -* LgJli caljJl jl^-l ^Lp iaiU 1 Jl Ij2i\ Aji^Js 
(J,| j-»l>- ^2-L>- '(C*?-»- 5 JJ^— 4 '*■* aj <i.,ia)l oJ_a ^Jjy. .C—J Jl .h» oJjs LaJl 

i^L^i^j^aljJl j^>^liJloL-~^ L5 ip JiLbU ^Ipoj.iLiJla^aJI tllSL^i" 
AJJlU L^jjJ Db" jj y.li»l>....j<.,/i i iJ^p^J 5_lu i JyJu .Jb.VI (Ji^-* LfcLp 
iJLS" L^iPjw ,j3>j i bl /^>Jj i JbJ-l i c^-^ t -pwail 2iU- j-» L^^^ 4-ilS" 
.,j\JLJ-I jy. tw^Ij Jsy S-<J .IJul r- _f^ /^ LgJL» tSiU-l J,l Jj^jJJ 

-L>-« JlaJ .4j-Ulijl 5i JaJL; ^ j aj .^-^>- L ^P UijP 2_w«j-o-S 2j>-j-« I g a.,^? y olj-JI 
.aljJI * y>H i aL>«3 ^ji>xj DI ii~/?Lij ^_jL-u V c5j>- Al oJ_* As- Lj>tiwj 4Jl 
A^-^ll cJb" bl ^j^Jj . ?- lxii t^-dl ^i jt^> DI ir jUJ-l Jl LfL^ Jb^U DI ^ym 
i 4-^Li /jSjt JLo^-l -b>-jj DI 0^*-! Ajli t j-«L>- )as- s i Lo-4 tol «Jl r- jL>- o .> j^t y 
».>m>> -L>- jj DI L?x.t.....j c _« t*SJI j-«l->- U-L*- (3* 5 . ol «J' r- jl->- *^~-^*"l D *>^ DI 

.aljJl ^j IJuO^-j l^vai LaJl 
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(ilj - oljJl ?r jL=>- jj g kll ji cu;U j o-^ jL»jj>-! LaJ\ ,*->~~?r l£-^ t^r* - ' ^rrt* 1 ! 

Uiaji ju^i L iViJi cjLo^*^- J">l>tJl djj-L>- lt,,..j ^—^ri i«j 1 t->_....ll j>l?r 

vJy.Lt- ijl i— S-iwaj .j<i^lj 42><-?i '— ■»; «A* v«L>- jLS c/prl^-j »j .ij 4J »_^ » LJ 
Ronald] J,^ ^jjj [Edward Condon] jj^^T ijljij 'Oi-Nj-*' Oi^^>* 

(»Lp ^ Liijl t«-gJLo-pl ji~j » d ^jjJ r- yLlll ^ Ui~~« LSswcij \ jSv^T c[Gurney 

.1928 

^1 iOuvj i li^jj (%-~~?r ajj-M» 7- j^ L^Jl .iijjLa 4*J J,] USv-j-^LS ^Ls-t^-^» 

. oljjjl ijJj>- i_JlL>- ttA^Ui» lis jlj 
L$-Lj«j 4Ja>- ^ IJLju Jjl>-jli liloJi coljJl JjLkj i_j-U- i »37 y I ,Jb <Uj«j JLaJ>-l 

3iii- i y^l J,l jlJu. j» jiJL jl -J ^j^sj ^JlS *_gi ^ Lii jl -Uj ciwslLl 
J-pj^« ^jjJV^ j^ c— slS .liii J*>l>tJl 5jU- i aJI? jib Jlj—Jl jjt L* j .Lg-Ljt; 
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.aJ_>-lj ^jJlj-Jl /jjJL* -f 3jL>-^I 01 viJl JlJ^^-il ^ j-«L>- jj-ai 0W 
(j y* ^JuC V j^l _nJ_x~. .J_^lj 4jU-^I j^p ji v_.-y.Jl 01 L$y-^. ji 
vJj— t( _-i (*->_>■* jl o^^ ^^ 'j^ s-^ ^ •viiiL* _• JS" IJl* .oVU-^-1 
v_jJb>tj (0^~ cL5*-~**!^-> .^jJj (»->J^ _xJl5s~* jjJJuC. .-J LlJl. ._ I U" 01 *a v_j-b>«j 
aJLplJLll aJL* Jl*j 1 C*_nJI l>^JlSs~« ^ •j^W" ' ;■" -jL^* OjSvj 01 Ov-i c *iT*' 

^___jl jSS-\ lili Aj jj v_-As_J 'V .jJa-J oV <LLs »- jj»yi Aj_Lj j ^jft j>p *^^ 

s' * * - • * 

. llsi»^ I ji—-jj O jSvj 01 ^f- Ui^P ajt.j-^JL> VjJ» I J-* 

aj_«L>- ^ ^S^J^ F j*^ ~^ ^^j cL*Ip -jij&s-j a*jjI -il-Lll j-«l>- j^-f- vl)lS" 
j_f Ov c^JjlaJl (»_3nJ1 l£sJl5w4 »U -f iLJi ^l^p-L <_il>J J_i] .-ly>r.:.vJ 
cv_jU^1I ^J_i_jl .. /? . a . " j JaJLj! jjj J~J»Jl> c4_aJIj tlll^j-j c ^4 .3 Jj&J <-K JV J_^-* 
tji»-Vt J~^ *Ij>J »L_Lp LS" wUp LS t j-«L>- JLp .aJbJ_£-l tLjj-iJl tljarl O^*!^* 
JjLJ ^ l^»l_b*__*.l jj*j____«j J I o I j-V' ,>• a*jI j 4£-j^>-4 j»_nJI _n-J_x_« v_~J»I 
cbjj Jj Ajj JJI cb^iJl Jali ^,-J . L$J ^^iJt jj JJilU j_Cj i jJI -JL___.Vl f- ^ J-" 
L__« ^ t j__aJ\ <Lil_Li tbjjjj ulij^isjlj sjl^J-l L__3jj cljj~i iO-l*llj olj^iJl 

01 tu ui)l tLoJp JL>- t (jy^J . 4— » »^S CJ\ji/3.') ftJ..-" ) vlJlJj Lgji~<_>- _ <Ca_P 

JpLiil i , g'»; I jxJij 1 t*-fJ-c- «_ij\ JJ 4_IojJl iS'L-i! /y« L*-Jj LjLj _]La 
.4*_ll /^ ^iSsJl <ui ^j-*->-j -^j cI^S"J-ojJI r* J ^ J> " OIS" .vLJuiSl 

(I iSL-^l ybl^klJ iiwai-II obLJ-l li^UsI <J Jy jl ij JJI cOi^^J Ot jiP 
.Ojlail j^ t j _i 4il__pl ^ JJi Jv_J .SJLojJl A^VU-iJl /^p _£^*'-^ _s^ ^• 2 ^ (j^ 

^^ll ^j Ov~^i ^ J,^J' *LUl ji" *Jl c*i» <uJU 'V (S j* ^j^*^. '•jy. J>M 
«-__>-l c_^LJl ji LiT ."bJLiUJ ^ i-«lj_ 2J__ cJJo- cl930 /»Ip ( _ 5 aJj---JI 

i<* ufO-^y' c-^,^ J^* ^~^^-J ' ^y^Jji {_i (ji-JP^ r ^^ *^ij^ frU-Lp /^ Oy^KJ 
J_>- (Jl i___b>-l <~»->/^Jl _^^il JUpIj ^o—^Jl f- j-_3^1l .a-^-JsLjJ.1 :2-^_l! tiJJj 
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t4AUPj o^jj tc5^r»-i 4^-1^4 c5j_>- o^S"! JJl i jj Jj c^jjbJl c_-J^JI ^ ^^jf 

V^" ^y. J»! rb*u jlf Al! .bij (^j4 ,jJ 4_ajyibi1 •& j>J» jl Ja^V Ai 
-b! .L^-Ip j£p «01 i__^>- tJ^Sj^ Jl aJj-^.j -Upj t U JJU- ^_prj ,Jb ib~b£ 
^L-Vl UJ.I «Uvs^j iSlJuT^ i-^^il iljjl I.U* j) ajjIj^j jjJ c-i jl ,sl/ 
ib-j t<uU obJ">U ZLjo _^-j _LaJ . LJlgJi iLiL! Jis-b> V tj^SCJl li^JlSL» ji 

.r- jvJjL* o-l-P-li 4j «-o_^i L» jjb*Ij 4j _>sjjl •_* oL« *!»>• us^V>wL«V 

i^Uaiil J^i-jj Sbl Jb y-T^b. Jj a^Ij 4,y^bl ^50 jl tJU-1 **Jajj 
jij r-b. <b£j tJ-Jiil (_/ 4j'ly>rl J^*^ J^-" ^ \*j^~>-\ 0\£ .S-^JfcJJl t_Jjb>Jl 
jJU-l o I* ^ tUj-iJl uv ( y 01 (Jv^J «--—J- bJ tjili j* *J»Vl .tL.j_iJl Jyl y 
_lU .r- joJjL* Lgj rs^o — j ^Jl jiij ^ Liil 7*->b' (J J ./?»" i_ij_» 4jy»*Jl jl d~jiT 

.Lgj *iJj>buJl jji J b- IJLs- aJa^.o cJb 

yprj 4ijjJ-L^ ,i oJj^-^» oLi^JjjtJI <y2*J ji iJ~*«J ' Jbl JiJ^L)l i—ilaj 
44JLAj jU^ c-ij ^ 4^k>JJ ?CUj f- lyvail P J . 4-Pbu bjt> 9- \j*aS. JJjU-UaJl 
jU^tj i_^j_x tE = mc2 J^J . -Ujj J-i JSjJjUaSI j j ,-^>-1j dyj* '-r'sbi ^b~*«-! 
jb bl? <0j J jiJ r- jv JjL* ij_l 4jws 4aj . i_JjL^Jl dyjji\ 44 U» jjy^ (i jotJl 
l-U j^j OjJj£ ^JlP 4j'j04 cii 4 b ^yo^ d>Jl> 4SU9 ^Li ^ <9J ^5) «-^1 
.JLill iJl* J,W:j V tL^-bs" Aiipl li^Jb ji t5JbJL=Ll J^i^j! 4^>- ^ .i^jJ-l 
jl 4*-*ij ij t4jjyfc -^j i_ ?y«j 4Jl b5" ti_jjLgJl j^jjjijl Aiua ^r^i J' Ojj-Lic. 
t j c . , ' .;_; I jjlpl !wO\j& ,cb ^Jl AijJLjj t liu^> Jjbio j^ubi!! /rf-J-* /y* Jjy ?i*i 

^b!l ^-vsj s_>j_x ^jSLsJj fbjj i b ;[Leon Rosenfeld] -biJ jjj j^J 
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yS- ;^iJj^J! s.lil!l ^j LS -»—'j J-^-*-^ ^j~~i i* ' t >*rW J;j ._^' i/ J>r i^pL^« (J,LjI 

s^U-i g;^ Ji J^j .^liJi /^ (/ J-Tjj* Ji J^ g;' JLp ,Ur ^ 

t"ULi> Jil («-«->■ 4*~j tyr-g:Al jy^i^l jlf <^Jl!I cJ»_^i ^ 4 j^jLiil j 15" C-~>- 

^jJfcJUl ^7*7 fw^j f- l.'.o.'.-'l; *_iuiS> ) ) jj^Z-i-L;! .fW . C->lpL«J^>-V apIs j< ^ *j«j 

."*iyJ^> *~Jjj jI>JJ ^yu t-JS' Ji»" Lili i_b (jSS\ tjjj J-^j ti-U-i -1*j 

L?x^vj <*J 1 jJ-*' J^^! 01j J 4 iLlJLs- lS 1 "" 'l£^"" u^** - 'jl*-*—*-* jjJ jli .sIJJlM 

ji- Ij^-Ip 015" <0l j^ . __5CJ\ 4j^iJ ^L^J ( _lxj dJJi jf tli^ j^i>o jl Cf^^) ^J^ 

\hjZa J«L>- tc.L^il i cti-UJ >A*j . IJlj*— \ A^js y» ,J-£- ^1^° lP^™^ 4* i'/'l j^-vs j 

.LfcLil oyu i jii^j! ^SO cL^-uli SjL^kSLi jr^i-L;! 9 L*l 

{jJ^j\ ji «J Ja±- JJJl cLjf .o^il oJl* jjj j^Ju r-Lf^VI CJlS" t JbJl f jjl ^ 
.ot*j! A.W-— 'J I ^JjiiJ ^ <U»^iJ jJ» Lg-i J yh «b^li AflP-l ,jv>- lijbL» Ui?- i_Ovjjl 
ii^laj LoJLk^ jl!f oli jj jjl!I jJLp (S y^^i l£-^' tj j-A-UaSI jl 4 jjj Jli UkJ c^Ja jil 
(_£Jl)l /• (j j. !:./»» -Xj ,J i_Sj_- cO JjjLJI i_J J J& iji>- i -^ j) ir**^ is* 3 ^ 'J'jt^-L* 

. jLg « jl^l IJL* l \s- 1 J^ .«LobU -y- Ijl»j iJipVI J,! tjLi* '^>jj o> ^.Ii 

ijjUr' jL*f ,i L^jjLii^ -*S"j3- «-L^i jy"^ J- 1 ^. ti_i-Ai j wLip Li j^lj^jI o~J^ 

Lj^ <(i J ^ 4Jl (_^jj jl ajJLS" (_$Jl!( (.JCJUL)) L»l .r- jojjLa IJU. ajJL) ayu 
>\ J^-* -b?J i^li cU-jlJ jjb L^j Jli ^jl iJLi uiil 4j JiJI -jP ^— Js>\Jtj r-jo jjIa 
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t^jlijJl o-i^J (J^- V j_j--aJ ^ .^illaJl ^-LJjVL; jj-i j*^i ^ •tJlji^^-i ,<- . -L - ".i!l l5j— ' 

.*5Jl sIjjJ ^ Aj^L^ASoI ttjj-iJl >jusV J^-^-! Lf** (Jj^j («J' *-Jj>1_j1I -bJjsi 

_ C<UI 4__aj j^jc jl5"j . j^Jl lXJlS^4 sL_Uj «ijjl i (j^iJuiil jJU 1p _J1 JjjJ 

.ljj~l>- Lb i_£Jjl »|PiJji» i J\ .P « ^ojL^l?- Jj_b>ilJ 

^jl AwjUjI 2jjv2jl ji AJLJb- UaJ n_^JLgll j«j t-LJ t_^ jL#\ -S- JaJl \Jtj*a. \* 
cjjj- Ai tLjiJUfc o»Ua>-l JJ 2_t^Jl l-L^j jvX]I lfxJli>L4 (jcJU^t L$j t^Jg:.*! 

l-K*> jl c" j^l C--S" 51 jLll ji Uy^ Jij Uli tl-bu- hS"' njjLi}\ £\yl\ l-U 

.Ub-V j-jojjU JlS 

(Jl J>-iJjl itp Cj^xil lXJ\5L-4 i LU- ^_j^rj ol£tf aJjLs£ j>~\ <i <u ^->* -^ 
VL^i jfl i--llakL.43jL^i« |t i^l l^JlSL. jj^J Ji .a^L-I jtS^lj SjC.JLaJl aljSli 
^Li^j" lil tA-j^lj t JL^Is-VIj tAi-sUail jl ,ls- y^s\ JLaJ . aL.IS" 3JLii-l ^ jju 
jjj r*->«->- l)[ .^-^-iLijJil) 8 jjvsJ l) Jb>xj (JJJjl i L«U (\jyJu\ sLoJlp ,_^9 i j *■,<?*• 
yoSo oL; 4*-vi> jj>- ol>«?-L£ iS y *i\ i '" <? i-l. ■-.;) AiLnJI tj^LJl • r aj jjbk « 
t Ui! AjjJaJ Jp AJ joii (J^-" Ujj OL; LnJ^jta Lb Jjjj . y>-l *-^a j» ^ L^Jlp- 

jl L^Sf tL^'jSLsr ju- ^ 1931 ftp ^Lij^l (J* ^ Jj.ji 9jj'L>- ^- c~«j>^t 

1933 c^ ^j to-b-j ^jyjiU Ji JUl fUJl S^'bU diL" c^>^ t^-rLi. SiJ 
sjIjiL) Ojy_ ^ul_~>-| /,,4 i_jipU^ L» i^]\jji* j£-$*j5> /y» ,}So i-L^sli-» L^>«J«4 

i A^^OsJl Aj^^JaJl i Jl^la- VI jji ^ AJ*)IpI j L) j^J«-A caJL>- aLIs <U jV (^ JJl 

. 1954 ^Lp ^>- 5jj'L>JJ aL^jj ^>«j ^Lp aj i-ijju 
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^lj\s\yd\ C— «Jl?-I tcJUil jjill oLlj">Ij xlk* ^ tlg_^ii Cjlji**Jl killj ^ 
*U- 4jIJj i .1 UJI cL>-jl ^ <Jlil S\JLi *Sol iSljlSL-. ^~*'y> J*>- |JI>- L^L-Jl 
jU-i jyLo j^-j <^p"5kJ\ j^p l^li' (i Aiai-Jl ( _Lp _ / k* o^j-i' J,_^~"' 1933 

jjpj (_^^i^Jl f»-L*jl j-*j 4jL^j 4j t^ry- -^ f*- 5 ^"^ oli c£JJI t|_^_ijjl . c->L*-«l>-l « 

-l^ju J«i lofTj tLgjjJ l',/?;* «Jjj i :>jjjL~51 5jwL>- c-^Pj . JbV\ J,Sj »y* u^^ 
[Institute for Advanced Study] 4»-Airil cL-ljjJl J^jwj 4~jLU Uj^iJlS" 

.J-f- c L>e-j oli wLii . _«iL»i! l5v_io <L>t-o_A> I g :Sl i tJaLijJL; i-ojoL» cAjJI . IS^j^l 
tSjLJLiJlj c ( JL*"_^il i aJJUJ-lj 3lLja*J| iJlIVI ^iLiiii ,1 i Jia L^j ^>«-^ ^Jl 

3jju J Aji ?w?jl -li_J c2iaLJl jilA J,jj ( jy>- Ljj jjLJIS" ^ jjvLJLjl jlS~ 

^ <Jli V 4jU~J' J,[ VI ' *-i; ^ J '^J_j' J'! ^^Tr^ «J^ (*-Tj .LJlil J,| aJIj 

^Ip j^ (Jij^' J-^ai JjL>u. .4L^i?r ^ L 5^-^^ «j^ jlj^r jvJ— J J^-Sj^j 
Oji^Jy. aJ ^zjjij JLai .a-J.1 «ilj j! Jj iJL* Jt cu~>- <-. dj^y. ^J oli" 1933 

1 1933 ^>Ip ^Lfi j> .i^JUJl JU5"! ^ f- j^cJl uiij^ tjr-^- '-Jj-- 'OiJjM 1 
/jj» Jail /,,o.J" ._!)•>■■ ./»'1 i /g' — "^ **^* iO-L?r j (_^JU! ? »Jl «l^- i jj w S ^i Lo-i 
tj,jj L* I .ijoil ^ fliil *j ^fil t i L*Jl fl>-jl ji i_iljlaj Jju. ."aJ^ ^_jL— i^ 
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jJlJul jlS" JLii 4,-o^j J^-io ^J>^$j ,j^i / J i J i*lj+a\ *-X><j lp_^$J UlS" (^JJl 
^ iL-ty <-j4*jjJ> j£> (i .^"L^ ^LfrJ ^ -ii^ Jk ^ *£jjo i/ ^ 

s\j jJ i U *>■ j j c-JlS" ^1 ca^L-Lp^ ^L^Jl « . W; .,... . ^ jJJS ^ (t-*S}\ j ^M. 
.UJ ^ l^ 5 " '^rjj cJl^ 4«-LjVI ^ ..3jjjL~S1 ^ 5.L.I 4J c_c4lj (,j>-\ 

<^£ li-b- t __ r — I (5-Ul t^-i ^ [Advanced Studies] i-Jidl oU jjJl a^*-. 

. [Eamon de Valera] I jJL» 

L-i <.i—jjj^\ ljJjb>- 4-L51 tlJlil j-» (ji^*-^ -^.H^ f ^>^' fbJp ja ji&>\ ji 
o V ii^ a^_* j^j ji ol*j t J^p ^ j^J o y^ (_5>-i ^L.1 ^ (t-Aj^t. j ,«3^ 
l^iS" j! (JL* J,J i_JUaL| .jISOl MlLjOi rj^- ^.H^o^Z V^' - -^ *JuJ-l 
Jp j»jdoIj o jjt ...a i jjcJijjl j( ipl j>- .ap yj\ ^jjL«j IjJo >_j _gjl "VjL>- -j? 
t<LiJt«-»jl 5j j^jI • ^jyli^ *_* i_jua\jcu i_j U~"b Oa^- « >^-Jj aJL! .<L_*L~wJl AjI ,1 

4~i>- V' cjIjJLJI ^ Ulil ajL^-j ajjVI SJliiJ^ £HjJ ^j A^Url a^Pj jij 
JJl! .sLj-jiJl i »>~^' Ulil iJj^» i _ J J2jjiJ i Oy-° (*-^ 2J - J^ - j^ 1 * t^t <X*\x£\ 

.iSj^ OUL Ji^Ul Jy. 4S"jLiil JUaJ^I AjJ fb^iJl ^Lp ^ ^>^4>JI C-^~v*l 

j^i5( jli" U^-. t , ^.frl ,«5ytll ^gW-rll; LLp IjjI^-I OliVl *bj-i!l tLip ,^130 
.^JJ ijsjljw 4jI aJ ^y-^j" ij( Ojj dU-i (J* jt-fru _^-l J**j. l _ s — 'l Oy>- ^ (.jiLi* 
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C/^y. ^j ^j j' ajjJjLf. jl XklS-\ JLii (.OjZ-jj ijujUl jl *-P-j tdXi">l; ji"L« l»l 
.i^JijiJl A~<J*Jl «J^Aj ^5"jJ [c^ Jl£*^I jJLs liliJ-l ,i oi^ij j»Jl>cI~»j jlj 

^j-v^jjl JjJl SLCjili) j-» '■^""J iJ^^-J La "..o j! LJ 4 i J-— 1 *^-*J i/ 

j L <pLi^ c^La alUl kiiJ^lj *_-»:> c[Prussian Academy of Sciences] 

jj^j S- LSI JJujAj J J L'- 40jjJj -Ljijb- _J^- <j>l J! ^j*^ ^j*^- ^ t^-^-i 
^^jlJ^iI jl ijir-^' JVj) • tl/i-o— Jl (j* i^-jJI V ...-j a; LiS" /-«jJl j V sLaJL ("rf^-lj 
l3j->j ,ju jUl <_~^«-^ i l3Ij^-VI jl ,Jlp «dj'Loj l^-^ 5 "! ,/ dl»^. ?*£>-! o_^*j /J 
LJb jlS" (_$JJl t^-u-ijjl UI .ijiv» ^JLijj oj^~ /f- Cr^ji J? Cx£*~^ °Ly>- J 1 *^ 
Juil .^-1 IJbj Xai Ji jll^l 4_*>L>-^j ^JLcl jl A>-j Juii ci*lii«-VI r- jj dlJ^Aj jPs 

."Jaij iilHj 60 U>j^ jlS"' siiJ^Aj jl J_^j 



iU- (j JJl tdJiJjAj ■ r^'L» -^ a-^"_Jl ajlSLoJ.1 i^yJIj^Vl y> jJlA-I ^>~y 

jlif .LJlil ^U-lij Sjt^wJl 4i~- 4^JV±]\ aJLJI o>yt-l i-i2J^P l ls-Aj^Jy \s- *JcJ 

L?tl— JLl /p« ?t— ^1 4Jl jjP t^-Ja « •*£■ L?-^J| i ^Ss-illl /^ <Lli» » J^lj L-" j^l 

J ^><J<jl ,--» ) rJI L Ju_S -»_«» JL) «J jl « iA J3 -*J -LaJ aIi^...< L— o . ,—>- ^juJUJI 4jL4 .P 

aili -^ ^js^-gl! ti^LJl — Jui apjJI -^ _/•*■— '_; jv^^i ilr^ Ldp z*-*^ ^LW (j>JJl 
oLP-U jifTt Lj&Jj^Ij t '^Ja-^Jl Jj^Jb" LoJbja.,^j /^jJJI tOlIYI (»J*Jl *^ j*~ 
jjS^j jl j jj (^Jj^Jl jJLJl »i-i Lp^Ip ljll?.l U_gjV c t j\JLii-l Jj^Jl ,>« -^"«--JJ 

.<Jlj J *_jL_*I 4jI a g_iJu 

jL?- o~o-maj! ^jJI -XiJ . J2-JI ■s^frJ' 4-oJli ^ Jjb ^?-l ,^jjI r jjy\j> y i 
t(«-Sol I^JISLjj ^-Jl j^p ojij *ilj 4jl jjp tllJb aJjIjiS' tA— ^L_Jl JjLJ.1 
jl JLj . cLj_jjJl j-« ^ij^l ^LwJl sjLjc— I ^ ^-pl^Jl Jup .j^^.Lv'yi Ji—^rLfll 
LarjpLc^ ^La jvipl JlI5 . jl5\^^l j_Li ^jJ j^jtj I Jus j tUk^Lp Ui ^Lt* j^ <u5_^ 

jl s 5vj «j Jl>- (J,l ^JusLjij 4_-jij C— J Jl i J tAJL^ji-l ^jy>-LjL-JI •-« SjLiiP J aij Uis 



217 SljLll c~~^ OVI 

(•Lji i Ljlil jj[ oj^ij -^*j. •W-'^J ^'^jp" 3jL>c--V 4j^ «jLj S\ *^r^~ i/ W^ 
o1jL*j 4.LP jyill r- juJjLa (_jij ( jP kLj /prlg-u^f J,l j^j jLp 'i_ljVI r^"* f-^- 

Jn-ijl^TU < /^P a_jjl \s- jjAjJu\ .,??« (jl Jjtj ti-iS" 4JL_» C. ~J JJ-*Vl O U 2-Mj 

CJIS" tr- jojjU aLr- ^^ J^U- ^^k» ^>- JyC~«^ ♦i' t Jb>- cjl ^Ipj 

^jj .ij-fJl $Jb J' *-J .«J—T ^y^. *Jlpl 4_oL~Jl r-^JjjL* «-Ij^jl 4(1) VI ;> 

J^ J^- ^ ' Wi ^t-*-^' 1 ^ ^^J O* jr^'j^ ^J^ -^ ■ J-^ 1 u^> (>~- 
C— ia^j*-l ol k? I . .." sj^>l (jl j^P .^j^ ,J,| <*j ^4 jl -U-S -«— v (Jjl>- . jj i; 

jp ^ JJiJ + g;* IJj-Ij r- jJjjU /^ i .45-jLail oVloVl ^^Ip ^dbU ^ 

jl j^P t t~-^ jif 'j-*^ -^ iji- 1 ^' *^!j^' e-LJ-P jl v-t coliku 4JtL <*JllijL£ 
i Ij^JtJ CjJj>*j 1 jjyiii^il 3JLL> (J,l 3_^UU AjLJlst i 4±j jlS" ^ JJl O^Ls^i»-! 

fjJl _i>- v__JldJ /»jAj jl L»j . llo-*ij IIjU >u1p t_— L>- Jj t i» 1x5 1 c^Lxl~_Jl 

L» IAaj IjLa <*j>J~ aJVj 1 _-Ip L^v-j^.j^-il SiJj *ij 1935 flp ,_/ .cu<w23l 

^J IJla jl jjp .l^-l>c^1 4Jli^Vl ij dX>*%, jLiui^l .SJJlLl ~aj\sy\ *\s]J^> cJli" 

L>cj i_jj— ULi Jil USLij^i lilpj Lili* UjU jl (_$j-^ 4tiiJ*!Aj o^p-l L«-j tj<^s 

.Ajc^j ^i L. J-i-JJ ^ij jl UliV J-^^ t Jjjilil (Jjdl ip .<up "iLjb 

._bJL>- ^1 -jP SjL^JI ^ yL...o i IJl» -^J 
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UxJlSL. cJlS" ci LJl s.L>-ji ^ jliVl *LoJj»J\ i_~»lj> c-^ij ^ _ r b& «j4 j^s- 

J^s- aJiA ( ^lS'y>- C~<JiUj' Jij 1 1914 fit JJ t _ s i>- ^jkdlsS/l Ojjju jj-jjjVl 
apI^j a^u>-%> *-$M s~«^2j ^ tcJjJl jijt-Cs^l <-hj£ £^> i»-*JLp c~W -*i 
jjjC^p ^ j^l ^ 1926 C^P ^js^^yJr ,S^.j^ J\j iJ>-^l - oJbJbU f-Lj-iJl U*J 

ajliVl J^ cJU 05 -A&jjty) '^.jMy\ ttUl cJlS" .5JU .aUi-J ^ j£p £-liJl 
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Jia L y*-^ l\*^3 .lio L» L « cO *i~-J ,jj c oPlSwsJij 'l5 r^ j^ 77-'jy*-P (J>i J-*--^ 
^jlJUi" tJLJl (j-jl-t» 0| .lJU-Uai« IjjIj 1>-Lj>-I *>Ims>I 015" L. Jj^p Oi yLJl 

.aLjId lj& JL>-lj Ol^L. ji ijux£ V t,J>;.ojll ji ^iJl 

Uli? ^ ^ JLi j^Jl IjCjISL. ^ j^iOl jJLiJl Iju d\ cJ*>Ul j^ cdUi ^ 

-^^iJlj ia^—Jl Uli! cJl5" ciiij .aJIj Lgjp cJLs-j *j t --Lo^-^I o^li LJlil ^ 
Ulii tCjL^jL^Jlj aJJJI iS^^ LJ\lf tJuVl «jwaS 4J^«il cj\SJ~\ tAJJlil 
5j.il jj» Ulii t [Fritz Lang] £V yj>j [Bertolt Brecht] c^oy. o^L'y. 
a^jj a^-jJu] 4i.;,S,t,I| 3+£ [Bauhaus] (_/"jL*jL LJLlT iCjl^laiU aISUi» ^I^LiVl 
.[*1l-«JI ajjUjiII JIjO-YL c-i^-l L» jJi l^Lo-T y.<L*ll *— -» Lk.ji.o1 *jXr^ ^->-^ 
Oyjsyu c ^>-l (J,J -~>-Lfc /^» O J-i r . i i jjJLiJI OIj .a ,»Lji»j <L*«— j? oJlJ> -liJ 
4-pl.H* ^L—Jl ClJlS' . jfriA 4io" c£j~" «^lp ■ /»£ i jJ ,J>- toil ** Uji LS -^'^'^ 

Ipj .a^JLj Ol~>-Vl l J aju . iji *ijlj jiP 5JJll oLJ-1 cJl5" L»-* t*JLii« O^iJlj 

.S^iLcJl 4-VJj A) l<L>co}Jl *-^J (J1_~~J O jijjl t4.tl.i ^fc-JtJ Jl>- 

JLj^VI S-ApIj c-j-lU JjJ .<_->!^k^1 j^j diii 015" 4tL j-iil j j^~ 

UL>-I tCjl^o J*>L>- jL>J j jl^i jIjnJVI CJl5j t/CJliJl *LojJ-l ^LlaJj oJbJl£-l 

IjnJIj>L. cj^^I i jA\ i»>3\ Aj^Iil J,l c '<ai\ A-SL^lfJo! tLj_i!l -j^-^ J*^" 

-jJUJl oL^>-yII c5j^ j-* ui^LU' c/ 1 ^ ^' ^M J-^ ^ ■"^J [ ^^"^ ls^ 1 'C^ 1 

. jI ^U.^ I jy ijjiUail ^ (tJipl ^LJjl iJLft 015" li[ LioO I^JcL-u JJ a*pUj>-I 

r-lj> JLJ L* .Ji^jll Aj'j^-i^iJl (^^LiJlj ^Uj^-^I t_-Lk!l_j oJbJL^-ULj-iSl 

^a-j^II jj^Is Jt^J Lr ^' j^-aJl J,! ^jJj^iJl jLo^i Uli* 

jv-LJ fLj_aJl 01 OjJjij i_Jj^ .C->U-jUi\ aJL* li. ^ e-UUl y^^j L» oiU- 
JL/^Ll JL^I j- toUtfilj J_^Vl ^ ji^Jl \ij^ .*^»UI-1 LjjL-V L^L-pI 
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jJAi jJt (^1 Sj^j u**' .^Ajill ^L-»rVl «JU»! J! ,j*l*J#l -^^ J! 
V Jlj*-ty Ja*j> ^j \y\£ 2-j^JI J^i \jjji? jjJ3\ pUUJI .IJl* i S_-L~J1 j! 
tOLiSJIj tJLJL) j^Uj L»s* '^jwj fr^Ji^-* OIj Jk-SJ .u-* ijy-^Uj J _ -°<-^-° Oy . 

U>tj /po i jjj . jl jjji 1 , /? tf) jj^LJLli! j 15 Lo-J t/^j^I-i ^Jl^ y <_ Sjp j*^ . /? aj 

J,^j L»! ./JjJ* -L^J ^r™^ *^J Mil I i^S" 4-*J ^yjU. 015" Jj S^L^i ^fl.^^iL; 

■_o->» ./iil I _iL )J 4j «Svj }inj Oli J t (j\.JL>« «II j 

i^UkJIj Jlj-«Vl (i ,/gtfi j* I_jj'Ip JLoJ .*_£> Ja^s^ll i UJI ,jP 4_S"j_-J 2JjP- ^ 
Sjta^l Jb ^ cJlS" IwU-l ^-^LLl oVj .f- jljJJi ^ ^jU. <_i^ Ij-uLij 
t^Vlj Oy^ Oy. jy*^ ^_»^J-' jl -As- (Jl jJj j^jJU 1^15" jv^Jl dJ_i V t^jJd) 

Jp j^AjlSvil j oSvj LC.j .*_Ujl« ti~>*Jl ^ yy Sjikji CjLjjL-o ^JsJ C~il5" LgJlj 

.U»9lj lilp OyJaii \jj\£ m g;Ci t^-l (_gjT,..< 

Paul] JUjy Jjj tjJUJJ L^j> o4 ol J-^J s-^^ 1 O^ ^P 'u^ ^i ls^-? 
^1 it\jjJ>5\ ^j ^™Jl ^ iUc_-VI ^fTy- OLi . . . *^JU J,l' : JjJL t[Forman 
J^Vl fliil ^ cJlS" 1 1918 Jbu LJU.I ^ ^f. jS^io oyojlj sUj o.ft.yl 
i ".^lirJl , g W . ■£ j»-* «^ *-g-<>Ap i£y£- i_i~5o Olil e-ljj^ cUIp «J-L IJLpr 

L_jyi-I ^j Ljlii jL^il (j^l :J,Ul >* tSlJs J^^- Jl aJ^pi«il (4j>J-I (^^j-« 
^1 ^i ^.^J J^io V ^JJI c^dl f Ujt jj. j^ Jv ^ Jl JjVl UUJI 

«jjj>tdl c^UaJl « A^j^jJ-l t- jj J^-^ i^. '5-«jU^ 5-aj^^aj lxJuil x^L>d\t ^*vL**Jl 

t^JUj^Jl 5-V^^/l cLpjJ j» s- jj 4j:__LaJ| L il 5-^>jUa i LU JiJ .JjJl ^ 

tTLjjUl jlS" lil . jiaAl ^^ip ii^L«ailj ',U*Jl Jp Sjii'UJlj 4 3JVI ^ip 4*~k!l ^j^j 
4Jbljj L-Jj ^ tUlil is_4i^ /fP Cj^^I JJ JLoiLl cJlS" lilj tilo^J- c»JjtJ* (Ji* 
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ijhij \1^ uLi*Jl jli tliS^A .«JjUl ^ j\k* P y Jl 4j>J» 4j>-L- iJLA jl ^ 

jv^ij ^iJJi jjij L^r*-i t jL»j^s t_— ~>- .4-jjJlj c JLoJ^-'VU cSi^Loil ajIj o~ *^ 
4jL>ti^l <0l Is- (»-f«-^ ^/"--^ J^-^ iblp^ jlWl ^•\Jbj»iJl i3jjj AjjJ^br 

."a_LJI (*^J>J. 

' . i 

VL^I S-Li-br Si^^LU AJjiaJ 7- j^SI 4jb sbjj i lp t_£l <-£ jjo ■) t JlJ-l Sjc-Iu.j 

'V i^j-i-» jjp i.\lL>- t^b 4_<J JIS" ISI cjJLJl jj>^ jl Jv'-i • j^ i/-L»i>-' jLJ 

. 4ji9-"}lll ^LP (j^lijli «jJij 2jjJ t5J r- jj-» >S y* ° ja^ ij^ J^*i 

AiJ . LJlii jLjJl /jp (»-?rUJl jocdl ^UajJJ liip I jjL^jlJ «LJuJl ,/a*J 0! jvw 

.4jjjJl Lgjjt*-^ •i^lj Lg-*^ *^^J «^IjC^V *5W-° r»-'- ,L '' jU±L^1 4jj-(jv? dJj"^-! Jji 
tAijj J^Sj 4( J^P Vl *Sjl iSvjLSwa (jyil .,^1 4_~o^£ j»-Uj Liljl j^ 1 ^' kili^J Jl ^j^P 

J.ti'VI *Jjt!' («--j ji 4jli dJj"^j JJiipI U^ij tj^ *-~>bII jyiJl ^i c-l£LiJ Jl 
IjJU JjJ^tsj jl «JjJl j «JLic.<oli C^p>-I Jl?*^. Sj'^U^JI lili» -V-S'U j>P <CU_S c., .t» jl 
jj& I Ju& • _ 4_cjlaJ) joUib cu~Jux!lj 2uJLi!l Jgj»,/?ll S-» «LL« j^p U-L^j taj^ji 

l\s- ^j 4J-Ua^ i_JUj if 4j'j>1_. jJjJI J Jj»j jl 3jjj%iaj -vSs^dJ (3-ijdl jjAjiJl 

.•_JjLl» 

\^\£ -U? *p^ Jl /^> jLJ i-Jy^ -^ L» W^' ^ ^^ ^ ^ ,V J ,JL T ^ 
4—JuJl ^jjp!l c-J-L^iw-l [o^piLw» 2_iiLvJl JL^V L^-p cJL?xJ ^Jjj-*1 ^-^^ 
Js jP~\ i J* i^\ li« c5jL-li!l oJj& /^Oj .i UJI ^* 3J">\ijJl ^j 4iji~l\j iJi\J]\ 
Js jLJuJl j 15" JLa] .4p?.->^u i^jLpIjjjI -^p Ojjp Jj iA3^L-ju 1 j_ t Ssj i t jjrli LJlil 
jyj^iu ccjIjUJIj J>Ul ^i jjJ_p>^ t^^Li* k.Ji Jl *~?J.I Pfadfindern ^>^ 

c jpvjiJl IJjb , |ii4 jl . «L*-l j^*-» Jj^- i_Jii *j jj^ jJiLspj « SjiJaJI i '>\j>xju 

^Ui>o jly il><JI l5j-- l _ 5 : *i 'V' (.[Peter Gay] ^ j-?. «UiJl ^jj-« J_^«j U^i 
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ipL^- Pfadfindern *£ j>- cJlS* tJU>- ^1 ^^Lpj ."l^-jJjj-1,! l$— ij z1a\JL\ 

^tPjj i .AJl5L« 15" t-Jyu l!™*- tA_CJblSl Ulil 9 i 1*1- 1 (J I OjjJJoj t(jy»Jl jW.« 
. \_£*-^>- L^-ip (j « «*J"tJu ' «J LS L) 1 9 ivsuili <L—L— Jb I fiiS . ^ ... a 1 1 Ai\ij t r- ry JjL* 
lij Jl l-L-« « 9-b-l>- 5_sijljj <b JiJ f- j.,^j jiS jj\?- 19 .Sn—U A~ci*JI aJjwj i_}y^>- 

015" to^j^l dU" J^j t^jJl SLJ-! j^ ^ b'jyt tJsLiJU l.ia£ dUi OlS" 

.Aj>-^L^a\ l r~^J t*-al^tll J-« -3^i*-l J-* -bjJ b> *JL* 
AJU <-t~>-JJ 4-i^j j' 'C5j^"* -^ Sj^Juil A~*JL«_j^i CjLpj^JI 9-i-gJ OLS" lil 

uyl^" 1922 j 1918 ^*\± jji^ g;-Ul t [Oswald Spengler] >>«~Al JlSIjJjI 
[^jyJ! Jaji-] The Decline of the West ^li— Ja^^Jl <_jiSCiJ aUp ^ 
jl_^p li-*>j cojUaJ-l Jsji- tDer Untergang des Abendlandes aJIL^Ij) 
i.i\ij\ju t AaJju 4*01 _» ^ tL~^ \S -o LiujwL» J^i—i! OlS .(L>jJj » >jyu -i-*^ 
AJI jJ-j .i l*Jl t^!j^ ,i Ai^Li 2L#i jjjb Aj^^iii i ca*^!j dJLi OjJ CUJ15" Jl 

l4*jjS/l i LnJl tbxJl Cf ^f ij ' JO J^J '— ^L-aJ AiT.Jij A^uU- AiUl IS' 4_~ij -ip 

«J (j^Jj olilijl .A-o_JaP fljji (i TtjjlJl jwo '*-iJJ (3*J • j"* - *^ «j>J j' jJLaJI 
ijA tAJ"^A>Jl AJUiJl tJUijJ-l ,*l>Jl . Lgjc* ,>$JJ <S y\ j^vjLJI ^ lg_>JL-lj c V? a . .. j 

■ c^^-Vl ^ J3J L .J ji L«JL.j iAi^jJl ^ iSj>-^ tjji 



L. -g y/i^ lj^ ("15^»-! J,J apIju jl^tj-— I jjiJL ^>- tAiiljll ^ ^jLaJl l-lo 01 

jJa>-i « t }*?Olj tAjLg-Llj t«.U*JI lJwj i_~*^2j ,^«j jl l^».o->- 1 g^lg- 1— -'r yi 

Laii AajIS ^ C-s^--^»i ^ij^'j *-»jViJ' 414^ . jisrcJ-Jjl f- Jjw> J-jC (_^JLII c^iL-Jl 

01 tAJlJ jjJu i_3^- ^JjlJl aL^P 0\ i sljP OliV' «-IjiiJ ^->yj -^ .C->byJ.I 
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Ju» c*i*Jl yt> i UJI Uu^ ,jlj«j jJI ij&ljJl JffLill ^p J j j— II t jJU^i-J»! ~Lp 
»Jp« /J *-J j <uiaj «b^- OlS .i^-U^JI « ^" r - ' ' (_£ i— A_5J\ i d.'." ; ^LaJLoJl OLi »Jl 
.*-« Jsjljti; 3Jl 4jL^> «j i Vj«J\ co~Lp . . . .oL^L^JI o^So ajj^- jlS" JuJ . j5"ul 

JsjbO j aJliJlj c<L>-l 2._.MI «j Js jUlJ -uli A*-Jajl ibj.,rtP UjIS" aJL&jj i Vj«J1 



(J,_jVl .i^jj\si\ jXii\ ijs JiiJ tiJUwaJlj a!a!\ 4~oi*Jl 4~^Jl 2^>-lj^ i 
t^JU^^il J^d L*-* t"jAiJ) 5j>i" 01 .liJUfc ■jaJszj aJUJI UI iA^jlp 2joL>- s^ 
^ (J^aJI 4k_->L«J-l Ip «jJj V ^JjJI .Ip «j-^J tjJLp Ojv 5 *- V »U>- «tv»- ■-_-■ 1 Va" 

(i! l/ 5 -^ 1 ^ ^J ^PijIUJl Jjj'jP £_j^Jl eJ-i^j' tjJiJl ij^i j . . ^Ul 

aJJj The Decline of the West ^j cf^^ilL ^J lx*j t_-A.L II* j^ JIS 
<«j 01 L*^LL> sJV.> jl>u~i>l ^i c W : ....i ji^*i . [iiJLil ^ i_J^v-j] UL>- IJLjij i_— *Jb 

.ji^ jjJj ti_IiSl <OjL 4_*jJ-I ( r*L=>- 4^^jj c JjoIj 45_J">Laj«Jl 

.«jj^Jj 3 1. ,,<?■>«■£ j .£■ L >-Jj c<ULiL>- ly V* Jj>fil OLS" lil I^p (t-Ss>-l t ■».,^? i i 

/poj ciJlJ^i-l Jaiyj L^ii j_>- J-jc-^j jJI SiliiJl •_* «uSj^ j «jjUJl ^-J JLaJ 
. Jji-I Lj£ <d*>cj 01 i U- (j,\ «-vj ^i ^,-J .t^iJ ^L^j-Jd Laljjjl AjjLpl ^Jujaj 
»-L$l j^ V 4 ^! <_PJ **jj ~*^>y*J jS\ 4*1*^1 j- 4 ll!- 1 -^- \*ji >— .IJa.j _ / Ur:,,Al jj^o i 

5_i Jl i iij » 4.j,«.i,.x)l < 4;w»^>-l 1 j -/"j -U suOjtil 01 Aiz*J 01 <-i^ 0L« j ti ^iji 

«diiT. ^Ul jj^iJI 9 y ^a OliVl dHjl «b J&\ L« J^I sU^^I JUj^VIj 
jl^il ^ip jua^j Ij i II* Ip ^jA*a^- Jt*tj-i T"^ 2 ^ >J^ ^-Ja.^.-o V ^ j^P . jr L>^~il 
( Ip o^jIp ijoj ^i!l jjJ-«j Jil Jp Otj^JU-J . jv2j«JI i_^*I* i_*-»Lj ^jJl jy$> 0\ 
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Ijl i t<LJL»~» tl—iV a-ijk li< 01 . . . CjU>-jiill oJUfc ^j .^-i.1 ^_^ij — \ /i» ^i 
liili Oli 4 lili? d!b u ~5Cp jc-U^- J^-hj JlJl rj^l ,i (j^^* J^» ^ <^>^- 
j^Lijji <_j_jLJ IJL» J*J ."Qlk».Jl "VI Aiyu ">li jJ-l L.I SliJ 111 . jj£i <~Jy 

«.LttJjtJl ^j ^jLp Lg_~iJ Ja JiJ <.}S\ j\ -Xap JJ J-p-Lat" c^lfT _LaJ . cJUJl jiil 

tijJla- t(^>Jl l£jlS~» J} ,jv£ JA LoJfcjjJU 4_>^_j JU^-VI fli t0^~_5 .lil^-iAl 

L iAjLjjjjJl Sjjla:!! a_j ^ uli} r' crijj" ^j^i f .«iJL^j ^~*- s-'W* - j d-Lte 

. L;,;,* «b j-i3l *L1p c^jj 4~a±j£-j ^i^^p JS"Lii Vji^- 

iiUi\ c~l*" Aij .ur cut U-i* ois" ^sOi iSLjisl. oi u4^w» ^ *il ^ 

.j— ^»«i j! <u& jliSfl (JLJL t_j>cpi _^iJl j^. ^y^ >*j t jy. ^^^ J 
u-bLl oL.^1 U .JLiUVl £ j J»j AiLiiJi iLL^ v>I^Jl aJ*^^-^ 1 oljPJllJ 

££_jLdl ^S^jtil i .a^cJl*^ j^JlAii*^ *_« xjlj J5n-jL> jjlla:" LAiLiij *^Jl 5j^laJ 

ytL>J>l i S\jU»^\ X^^o ttiJU'iAj Jli«l ^ jjJjiic» ^^JaiLsij t^jj («^J Jli«l 
OL JaJr) jSo: .yf-sj^ v^W-^ 1 bUiilL. LlLjjbl JiVlj cOi~^^ a^Ij^-L. 

a^c-jJl &L)j_iJ\ ^ 1^13 Lo-gJl ^ .o^pjil jL*J r j j ^> LIpLj JtS^I OUjfsj Ji 
LJLiiJ c^-j^Jl C^Jl>t.'>...4 (.r jojAa 01S" t4_»ij C-J^jJl (J .f.-X2i\ ^UaJl oib»I_"l (Jl 
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<U-Jj- i- Jj jlj lljUr A^^^^Jl 4^ljvaJl *.hi O V l-U. 1 : ■■■-■» OLS" *iaJl i AJI j^P . L-5s_« 

/s~*i ilrS i* J o .^-^JLi ,1-i^tj /ps z* ••*—• l i<a*iJl , JLp OjSnj j>LS^_* J « L«l .oi »i 
^y» <J>j£-\j jjJ~\ (■ Ju c*— .ii y* >Ji Js\ LS 4-5J c^pLoj^-VI 5-^LxJl) ^^iS" 
jp aLVa* <u> <_Sy>-l l _r aiit -- 1 J>! ^ t^JLij Lj .^-«JjJl <0L?- OLsiJnj Jj^J.1 

(jy>- OVI JasJL AjLi tAJjV (iJUj ^ ly>- Vpjn OLS" 4Jl <uii »i^j Aji -ja AjLoI 
0! J—*'-' iW •'-f--* ^i" 'jj" v '' *— , fi tK?" ** ^ J*^ ° i_P t ji .,fjT">-L; 

oiiSL» f- jj jj^; iaJ^j (^xJl t\jji jji^ <£ LjLl\ 4j c_*IS <_5-xJl ji^ot j j-*-!' 
OyaJl ji 4_jLk>jJl *L>j-J^ 4--J-L. JjLL> ^j 0*>Ul dJULJ ^ i^ibjJl Cjb^laJl j» 

•JLl i— jL-*(I ^Jlp j «£*J\ i »,,^j V aji j^p .SJU^-I^j jiSl c-JlS" ^i!l ^p A--UI 

_^i ip~ *l>- ^ Jl» ^^a cj-1>- ^La OLS" bj . LL— ~« oj>Jj£- Oj>j jl .y» aJsLipI jtSi 
^ oUjj^J^I «J^tei ^i (<U^V! jjj J—i; -^s*-" »j4&\ iS^\ ji\l\ jLri^l 

.«■LoJjljI ^jA j>-\ jfcS iJpj r- ju JjL* « (J, «j t Jj-^j * JJ'V -U** -«-*i ^L» -Ll) . OjJJI 

■jA <-> jJU L« -Uj r Sjy>J} J,i l^Jfci jl J,l j^j Oji -jP -^'ji-5 f-»-*i A 4,1>La1| ^ 

Jj'Lii) Lj ip coUwJ jJl jl_^»Vl *_,^p *oL*L^Vl 01 Jji 01 U Ja ._Lip 
J-Ijp Sj! J,l aJU-l «2JL1J ^ j50j ?p&\ L<JL<_. ^-ij ^j_^ giif c-i*^ ^Jl 

<Jlj^-V J^-— V 4JJ>La^ L«Lp LJlil ^ O^ jji^ (_/ -^Ll* t>>-l jir»^. 
^ aJLs tcUj-ill Js OjJl ?-^ tUJjJl 4_J"^lip*>L!! <_£jjL!1 /»jij i lil ^p»- 
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lojwaiSl aJ. „^al l oJ_*[D.H. Lawrence] ^>j^ .-».i Oji 

jJJ jl^il jl J Loi' yi_il ^j%t£ Ljbj 

- J 

aJJLl* f,c-i ojJul j! «J Lo 

^>p 4j ^uJIj i UJl -_ji ^j l^]Ju ^Jl ->j-$^-l .,< g« ■» l_31pj /^ IjSli JL* jJu U_i 
J jij (jul ji \s- j^l I jLvaj>- JJL! . Lg— iJ 0~la~>-l -Ipl jJLll j Jy I jJLll -^ L^IS" (j^o 

*y .(i-kjiti jij j^Ujy *y oi^iij jUjJi oi ^^ js' aiyc j^k^. *y ^i 

<L*9j^i ^ip twOvjiij JsLLs"xII UjPjfl _ -2J»i-JL!l jis^L^yiil wb>xj (f-^j J O' i ij 

\'j^S i jM jl ii jlS'L.j cl5*yj»t lli^- UL_Jl j_^o V ilS^j c 5.a.a...t.JJ l^ju _4JTJiJl 
i ti^JJi ^Lp . ji>^Jy\ A^s jju (_^Jl!l jJallilj J : ,/?arll i i_J^»J.I *ijjlJl <J~~l> 
Jaij JLaJ .L» Jfljlj 2-»j j U* j bel I jlW„;ll jli-fc Ljj J^jL -J I A-jL-iaJl »i*Jl 4jjj 
i_£:>lp L_i t^^P *^-bJl jjiJl l^>ol ^5 1 jLjU 1/ ii_^~il 4j^Xa!I a_ojJ-I 7 L>». , >,.Al 
2uLll» i ^A^- •& CkiJLSi ^ j^ 4jJJj) »__JjiJl ^jb ^pLu^I j 4~JLJl i Lp ( -Jlj^ 
'V iLi UjkJLiP j»JjJl lir tiiliii J^J^ .(LjUaj^j i (»->*iJJ »->-b-» Ljj A>-jj a.,:^ 

.UpIjh* Tt^^ai 4Jii 4<j a^-Us^I j*yi c-f U~2> - U*-A* tliL-Jl 

i^. • - - 

JLC_LaJl ^JL^kJl ( ^Lp aLISOI 4_o_J-1 jl ip Ijiil jj jl sULJl i ls- j&- ^^-y^ 
rS- .oSvjsjI oJl» ^ r- yJjjL* p~»y -*■* 1 ijjj J^* l-o»jfc .Sjt>-j j^p ,_^l C-— *i -ii 

l _ASjlJ i t i bJl 4-ip Jj>nJ jl v_~>-jIj L>_j -J jjjj ^U-tJL-Al 2_P^J Lj">b>- tJjJl jl 
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.<u~ij ip ^U- *>-_^. j_^. <uJs> c£-JJl »j\j\ JSy\ jiJLJt y* iiUi -J-**^ «j* «^* 

j»j'LpjJl Jb-I jJlj l» jl Jj~->t OJl »3j t<0 j^«yL l*P (JL-Jlj oMLu OJL>«Jl 

rjU- ^LJl ^ jjjiT JUp ^«jfcVlj «jU^ifl ,i 5jLp jJ-j a-j^JI J 'j-" J-«r L* IJLa 
|JL*_j) jJJi ^j ^^1«^. Ja ?c^jf jSLio libw jJ*Jl jlS" Ja . vJ*Jl J?L-_jS f l 

Ui> lili? <bl ^ /*•$":« j>J l Js- ^jiJiyi cjLiJl ^LiJ^iJl tLlp Jijt» Ll jJU U-j 

?ou£i cdJJiS" diJi 01S" lilj 4 jjii cJ>^ Aif _>1 ?(UJb 

t/ «j'j^ 1 r -^ V ttlyt^Jlj 4jL-">UJ| J»lp «jv-TciJli' jl j (,^1lJ^\ »JUfc Ji» jl 
ULS' 4«^U!l5' t^\iJLjt_j j_jj jl j^p .jyvjLll ^Lij-aJI cLIp ^ ^fenll iLipty 
l»^j 4(t-J-^ ji»>/»\ j », t .,-, " jl c-\j j— ji5l jjJllC. 4jI i_i-S l juj 01 j_^j iljl JLi) . frUi:.,.»! 
Jij .dJJ-ij ^_^J jl UjjJliC. ^^J <ol Jvj jl i\J Jlai Oi-i^f L»f .i-j^Jl J^--Aj 

4*lx)l C~~J *^3l iSLjl^L» jl Ifi- ljp-\ 'CJttji <<UxJ i j?-\ L_Jji JL* jlS" 



fu*S£\ JjjOJt ljUISUI 
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^ (.1933 flp //> jJjj 10 j .\ji4\j iSLsJb j aJISjI ( Ji J w LS J 2 ij (.bjjf 

»-5\jl iS-JlSv-^* As- <^tjj AjJiJl sbLjjJl i °ljj Jj- > " Jjj-«— ji ^ Sjvalji 
yfcljlaJl j AJi>-tAll 4Jj*>U Uif>L« liLjJ&l ^jj jl Jilil ^U- i_~^-yj .^^ ^>! 
jb| cll*Jl _Lp i^yCj .(J, j' ttjia>- c5 j- - ij~-^ '-*-* Ol ji^ O^ l-«-s* 'V^j^-*^' 
jji « <US*_i~« 4i «L-^« 4-1; ^ j^JLail ^u Jaj^j ,-S 4JL>- L»j«j j' cob Jij LS^JLi 

J_U rrg'.ll li-A j>£- L^J *jLi t jLi-l 4j>,.W;j .4x*>j>J.I ,jkillj oLn^IjjjI Jply 

,Ja— jVl , 1^-1 UjIj y'jj" ^ji^JaJl jl, .iUkpl -Lijil 4JJ^a ti-^J- 4 ^i U)r~ "i' J^* 
«i>- L» Jjij c*il_Jt j,_^j jIp jjli ^aJUJ-l ^S^iJI jl L. 1 c 1 * j; ." J-a^*j «oli IJ>Jfcj 
( JU- UtsL j 15" Jy.- jr^-i^l jval JlSJ . o^ia^- o^Ssi <Jl 4j Lc I Jl» jl jvi- . "cl« JjJl 
L»l .AajU 4jL*j l g_.^a7 / jpul>- i C-4-J Ot JW^"' "-r' y } 2 -^ a , ,1p jryiJ 4jl 

.2LjtjJaJl ^jyljJLll jj-^ j">la>j Ji t2ijvAll 4_L>jt!l ojIjLip^I 

IJl* jl ^ . JUj>-j iiUl l$Jl ( _ s it Lf Jj«Jl jJijJl ^ 4J»L~Jl ^JjjJ L. lIJLf- 

».t?.--.*l 'V is^l" ^^r* <-^ -^ . jJ-a!I I -i-* ,i S^al^l ajljl j_^j. (^-U .l-Lij^ Jj-Xj 
. i^t^s^^s 1 'p s -' i* \'^ '^*^r WJ^-i ^i r^J cJu<5 j 'S—'M L» ,< g*i Jl 



s-jji Ll- 234 

Aj^IaJ l$Jp 0_^j l)I V-^J-i 15^' AJL^kJl J_p- " ( _ r aJUi-l jXiJl" «j «jyi-i L* *_« 
j]" s^oSl!! oL>-j^-L! (J,U^-V1 jjjj JjjL" 01 ^jip tj^-i^l ^val -^ • '•Lj-aJI 

t*-^Jl lXJlSL* ^ Jjaii Aj^ ij ^ O* ^' J- 5 ^" -"^^ (-Sj*- 4 lSj-"' jy^i 

^jA cj">L>s-to .5^7 JjJ -J • ajJlJJLJI I^.c-j^j^ 4-JL i_jL!I o^IjJ-I jLj>."»..J 

l^ f J^Ji^* '*^* Vr-i '(•-*— ^r' C~^y ^y^i *-" (k 3 'lS^' ^-g-r j/» .olilS^VI 
^u 2jLl.,^U j^i i_ju5" <j^j i ajI jji .8^Jl^ Aiila^ aJ^-j aj\ JjIaJ ^p I^-Ip clj^l 

.♦SJI \5s-ilx_» nUa^-l JL/? J (Jil^Jjl ,U^»I 1 J> d) iL^J j ,j .aV.*! jl L» 

^i iLi 01 jS- . «JbJbi-l s-Lij-iJl 1^:,« jjL*J aJL>p £■ jJL^j J,l jjJJ aJoI i)L* c ~J 

«Jb-j aJI ^- y i_£-iJl '*j>r*J -^ (JLf- /C-i-aJ' iV'^' >^>y<0 -i 4^«-— j L« _ aSL^pI 
liLJi .Ai ^ c->j^a)! iJufc ,*-«-^ jl aJ j^i jJkJ .l_^k>- tAL>- i)L* jL ojj~\ . 

? jYI aJJUj ji ^^ryi 

\j>_)y. t*^» ^~- ^^-^Y^ jy^Jy, ^j *^i*j i^>^a J-«-«j jlT jy>- 1 1935 ^Lp .i 
jcJ^jj jjj c[Nathan Rosen] Jjjj jlJUj [Boris Podolsky] ( X-Jj^^j 
:<iljip ^ cu>cJl JtL_J _Ll5 .j»SJl Aj^^ij ( ip aJ (»_^a _/$-*' j y*-^ 
"Can Quantum-Mechnical Description of Physical Reality Be 
Considered Complete?" 

jlT ["ftL.IT Oj^j ji J\ijJ>}\ £»\jU ^JlS^-^l ,_i^_^ ^ J»"] 
<.0<^J ij\j jij tsiJUi <~i*U- cJlT ajU-^I Jl ^1^1 ^j i&lk>- JlyJl 

a^j-JsJI a^-^I AJb x-ki^J L. AJLt jl jjj jlyl ls Lp jTj jlT i)L* . 1927 /*Lp 
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JIS l^j— ^- -^>- IJjfc .^1 ^ jl p-J'y» ,i »-*~>-l J^5\j jl jLoJ^-l jje> 4jLrf?j 
tjb>-l <_£JlJI J lili ^i .LJj L» iip-jA i jLi>-VI t^-a; ji Oy»i <J1 ^ t^ju^l 
."U^Aj Jj-I « *_^3j> ^ L^j fJ !•?.,<■? j jl 2_iLio ».iU./^_i (_$Jdl j « joo^l (J-^ Oi*^ 
JU-I ^ jjJcJ jl aJu^ jl\ i~Ay£S\ Or^ll Jlp v^-^- ^ tviJUiS' dJUi JIS" lilj 

3,».fc.« JU-I «ilj ^ i>J-l cJlS" J-i5 .Oj^j 1« »^i I o?- 1 5^j jl iJlJbl Ju i 
-LaJ .LjJp iiAjJl (j^-t oiA^- aI^Ju* J,l ojJLs-I jl Jju tll_P JsIj^pVI J*^- 

.4JfcljJI »l£>-l *_4 j»SJl l£jl>~« Sajjdi cJl5" -UJjsi- (V _fcjjJ_iLC.4ji -^ I^I-iUr 
L»l5 IxJLj lj>t-jsjj jl » gjc- ^jy»J t:>T^>w2jlj jC-Aa!I ^j^lAjjl i_JjJlJ ^ -^j' 

U «_4 J^IjcJ jl 3jj-JL< Aj^iaJ AjI ^Lp i^^-jii 4j\ Ijyl jJiJ .5jbljJl *1>j>-I <ui*j L» 
i-Ajj «^ Al Lj •_« fLJol ,*-$j-XJ ,5^ l^J' t ls^Js*^ ("■''.r' ^p^jUjij o yu& * 

oJl* o— J ^Lj-iJl »5IjJ1 ^ l^vaip 2uLi>- J^Lij <J Jlil U j^Jj - l-A*r j-*^ 
jc-~>l ?-j31 loSjb .L^j JUJUVt J* c~9_jil ^ jji^OI I j-Ja>»l jUUJjJJ l y r » 4~ai 
j t n: a .Js- liS» tAjt«_^JI fcr"" J' ^Jtfr*** T^~°^ ^ij^ '~ -JJ""*' ^ij* 1 °*^-r"J J 
<u-JL .. jyLj j^l Ah^s 4jLj J—Jl iJLi j^ jjj tjJli I o,, j cLuWt-vI bl .»^ll 

."o'bjjwiJl A-^5vJl oiji ^Uj jJbj-iJl /^'jJ' ^ 'jv 2 ^ ■^^- Jh JJJ 'V^ijs*" ^>5Jl 

-bJbi- i aa;^ i^JLjl! cJlS" lil . *zS ' j>- i^S jl j j jCxJl «^ j-» ^ ^i« ^^ij 
cjp-*>Ul 45" jJL- jl jj^^J^I jL~4 i Jla- ^L jJLjI j jjs ji^aU-l ^L» ^ ^i 
L^ V ^J 4 *- 4 co-l^j-» Ai-is- 35"yU S^^S" jl r-^e y» Jl Jj^j Jl di-! (J>o 4jLi 
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jl uJufT l Xs- ASJt.j^\ ^ o">L«jj ^p.t..;jl f- jO^ t«_fc1_»Jb Ip 4>«-t-l I jUpI jl Jbu 

i 1 j ,«ai 4Pyi*JLj jo r 5 ^-; t jy«-«*or I JLs^sj JJLJ . c->L i »jw» atIjj («->>-" iS-JlSw « 

LJLiiLU ysySj J »j CjI-o-w,...»-! JL>-I (T^LjAj f j-^i lS^J' Jis-*iUkl jl I a«JLw»i JLaJ 

t o^SolSIj -osjJI jl i4ju/?j> i_3 ju /J« co j- <L<o j»i . <L> Jl Ij^-» L* •-« 
i ' i "' 1 J 3 '-^ iJj-r*-^ '-'jjjj tj-Ss-^J^^jj j iijcJLil jl j^p .r- jJjjL* (X»! L<o uLc 
t^^-Vl /^ U-i -i3jV*«J (t-i-^T 5Jij-">L. jl _yt IjJ^-l <_£ JJI JL^Juil z\Jl» jl .S^jl^Jl 

.ij^p cLil aJ J^^J- IjlJ <_s JJI j lxi I jj^ Ijlaj 

yij i jl ^Ji>- _ /'-Vl /*-^ J iji>L~A <_-*^*j <_S^*j t Jj y\ *-~^M ^° y ijT 3 

- y-^\ *5 'y- a^S <_iyJ <_3j_-j c JjVl p-^-^ ^^ ^r°^' (_r-* j' •*^r*'W^ *^i 

JS" l lf- (jyii Aji tJ^jL^lu I_4^l^1~-I IaJ i u«j iJLfc .aJl ^JijJl jj.i n£y-\ o y 

<L>V . ^\jyJCi\ xil jJl ^ jv=>L^ U j>J jl (J,liJl (t—^jl-l "*S y- 4~*S t Av) y -y 

o^JLsi Uk-J I jy*i jl jy^i 4 _lkJ.1 .^.v-^^-I r- Lc-jl j o (jc^a\>-\ jiy L* -bA*^ ;jXC 
iJlJLJl V[ <— r~d V J/VI i<-j'--^-t ,^-Li jl tl_«JiL>- L^J t J^ju-j ,sy~£\ 4iL- 
^_j^^JJ JjljL>- «(j-i 1 (_£^ ^^->«J i 4j ^ - ig* y% c-^L-ja •_* -»^~>-l ^ajLvi?- jj^- 

V ,r jvjA* *4 Jj^j c^JJl jtj^-ill 2^Jl la_* jl Jt tl^UsI U^J c^V' Vj^' 
.L^LJ |»jj jl (J,l ^^L-ji LS>— iu o^J^i js- 5JLjj_jiJl uaJUaii-l jl cAjL^JI Js i - l ^i 
^*n_) AjI o^SLi! Jj-i 2-jjJl lJl~»j co^Jji .ajl.^-i- cjL~-j>JJ jli c^lJJj» v-* V-M 
L» (3*) i >j L« t j3j\^a£-\ ^iiL J-»o LSwo t_"a ,,<■?* jl j«3JI ISs-jLSs* ^ ^-'j ,^ 

L5" UlU . aLIS" JuaiJI l?j> V *^!l iS^Jl^L. jl coIapL~4_j jj^iil ( _ r 2l>c--l 

t/ J"*^" J>^ JJ^ 'V^rT ^^A 5 t£y c— *j5 L^»i • Ji^ 3 o^j J-* Oi^-j' -^> 

.2L^J| AJLjj^aJl ^iJJ-l 
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^ 4>«^jI LlJLp J^j tjjj -XpL~~« ji_jtjjjj 0*J T^^i L»^* c/y>-L^jj «i ^ 

lju oJil^- ... Sj^LJI a^«j- oj5j (^>rJl oLj" Oj a— iJ jjj. J 15 Jl^J .JU-I 
4J| JjjL V i?^s Lc.U.^ 015" aj\ ~J-j t"^jlS"' 4jL> j i_j I J^>o LL^>lj r-^JjjL» 

.r^ou* GU* JIS" 4jl jj ,"C\J llpljj l£V' -ulS" jjiy j» aJ OIS" 
Uaji A~*ij jj* A^lp v__>-jIj jlS' lij L» JtL-Jj ^jJl ^Lp t-jujjL» (Jjj C~>- 

c^.li L.JL* 4ji JU-I . L^UiJ Jj j^l SiUl aJ jU ^ "f ^AiVlj jU-1 <>~ j^*" 
t"^! aj^k; (»->-L^j tji^ujl" olyp ii~£ j^* 1 y^j The New York Times 

Jis-V -i-aJ .Sj^-Sol AjjJ».,i-?ll ^Lp Aaw»! *-Js> j LSo^l tljj-i i lp ^JJb'JJ J^TJ 

^^lrIL) a>«J-I j» j^S jSi tjfrji a^L; 4Ji [Edward Condon] o j -*-> j^" ^j^I 

.""«ilj" aUS" Jl C5JM lsUI 

Lojij f j-«j jlS' yi-V^ j-*> jjj. 01 »1p ^jy>- «jCJ cJ»ij^ ajI ji^- clij r- jyjjL» Xi-\ 
. o J.,.a.irJl JjL— • /jP O^-P^l LLja5 ^ JjyJiJI AjjjUI 4tV»1.^ /^P jjJ UJl^u 'Jj^j? 
^ip O^J t- j'uJII r jujAjs .ij 0L> tfyrLiL» yS- jjti (J^J cOi jJLo .Aju jjj (»-Pj) 

UL>-I i_a5j>j jlS'j .^r'-V jJj ^>^l bboj '^pr \m*-\ja cj c_j i J^-«j ^a:; jlS" 
L* ?l Jjd •_» o»jj»j 01 *-^J /p^-t c^-J 1 -^ L* Js-L-^j j S ; ;„f?U c^LiLLJl ia-- « ^ 
AlL^kj Ijl^ <u* J-Lpj i4_Ip JlxLiV* ^LpIj ti^Jl Jajiaii A&\ 01 Jbu "^-U^jiJ 
LLilS' (.jfriA 4~~-*j>- -Xxj j l-j I l \s- t yA» i p^>. j% '^il i^( I «i* ^cuj tS^Luil 
ci^Jl iLL. .i_-;»-« J5^. 5^>-LJlj i^A\ 4JV^- JJaii ^/ ^yjJl SL^Vt ^jp 
( Jlp o">L«jj ,jcLi^jl jojj i tA-ijjjiLjIl c^li^^Jl LS" *_Pj aJi jj* t jjj Jji U^j 
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j».Jg.T ," V c j i_^ I o-U-l (_£-Ul , i 3 .t.U ^ ^p- .A^Jl IJL^ a£.j\a ji aJu^- aJL^ 

j£L* ,p^-e c^-o-m-".»-! .>• (_£i *£ j>- ^ p-*° y* 4— jij cusJl ^ W. ::..." 01 AJLJL?- 

*jl Aj AIju (_AJ y»H i i— ■> I As«*>- CjIJU Cj 4J r- «io L>_J CiJJJ^ /jf- Ui »P 

.^jjycJl iJl* ol»UL>wJ J*y~~- "> V *^-!l l^LjlSL* jl o :,; dJUi JI*jj t JLj-iiJl 
-vLJ LL>- -^ V' AJLiL>- iJlJ^o V y^Uill JaiLxJl Oli" t jjj jjjJ Jb«- ( Jlp jl 

j^ iJbj-iJl ybl jlaJl i ^tAiJl jj-^dJ 4-jtJaJl AjLJjUI i o jLx1) ajj^JI ai^ <jl*j 
_l*j IJufc Oli [a-j^I J,l] lJi*> *->-js> Oy ".(«^1 iSLiliw i aj L^p (^JDl f- jJl 

">li ci .*L* jjP jLjt* Jjij (»-jO^ L>_jl5s_» IjjjIp-I jjjj t^v— J^jjj cj^-iujl 01 

' . 'j*"' I (_$j^-J>l o L* «Jl>-j |»-fj^ L->tf 

-i5 J>- Ji J t j c_-> I Aj ->7 Ji <jjJj>«J AJI J-Lj ^J»J Jh f-ic^ ^^-^ '>*"' LS 5 ^^* Cf 

(*--~"<-' -aJLii?- ^Li L« AjL -Lzj > . ,.o J jVl *-~~oM ii"^ ^^ lS**^ ^* 0-" ' , * 

o^Lil oj 1 -^- ^ J U L5"j tdJJi ^ V-ij .4-_*bll Lfr*J iUJL» cljji i<_jli)l 
•_• 2uSjf UaLcl ^j*j («iJl i_Sj^Ii!l oli ^ jJIj aJL~^ Ll>LJ i]L*" cLg-Jsj-Jij 

' s i_s^ ^ i-r*^ ^^ '^1 '^5**^ '^* ^ J" 1 ^ • (3**^^ ^ji-- Lii-jr. AiLcll cjIj~jJI 
Jl 2uj^iaJ| i . ^Lill ^ A^jjCo Li . yjj c3j-« l _ r -^i; L» Ji^*>Vil jl~-' 01 

.LL>-V oU.;-j-l L^j !_i-ioo 

^«ij i_/ u*^ ^^- JJ^ C - ^ "^** 'r»-^ s -'! L^v^r* (jLo^S'l ^wLp a^J i ^i> wi?Vj L«l 
tljj-jjjl i Lp a-Lp J j-^aJ-l ^ s-*ji <=£-^' oL«jl*il jJi (Jlp J-^>o 0^ Ji^*>Ul 

ouJa y" ov^ i^ ojiiijJJi (_jip Jiaj*^Ji iSLjl^ oi^sl aji^p . ^jfL^y&J] 

HSj>-\ ay> ."*^Ol Ajjii jLs^ i ^LiJl o'jilj sLiV' Ov. V r*^**^ 0V LLa3l 
. aJlp \*a£- <-Jj~*> L« J5" jjt »>Jl LxJlS— « aJuJ L« 01 ^»i AJ\i iJl* n^rjk Ov*" 
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L-^LlS Jb tLilp OjZs- ^j-a^- J) f ~*-* J . u^-"->jl «-• AJjj^ .^a-s^Jj (JjL>- (j^?- 
jl 4*-wj ^ jljf U.j 4jf ^>JjSj J5I ^Js- ijjj j I jy Jj-^- 0\5 l4jjlS"Jb" CJ^LL. 

I ^^Ip jJ-s^Vl "j (J^- Lai*^ J 15 t"cjl J iiJl tiJJu fyl 0^-" .L>-j-si»j _/Sl j^nj 
cJlS' ^ JUl jLJl j^JH y i_ju« ^JLil j-.Vl tj>?*^ o^US' /»Jp L^li ^-l" t j <-j 
<^jl^> i JjjL jl j>-\ <-^^ Jj-^- ^^ -^ • • ■ • *-*• *_J>-i«^JI (Jl »:■<*" Sjjfc^Jl 
<U-~j 'V crojvsj y^^-* J^-* . ^r* JjA! J' ^iji UV" (.j'- 5 "" J>! Cr^J S * 6 l?^ 
■_* 4ji*-o (_£JJl j-IaJLj <uL>*>- ll^L» djJb- 4jt)Li») <_>l Js»i Jp U~ ^ J' 'S y 

\pi^p\t XJuJo l Js- j yjtj\ -j» j~J\ j t—> I A?>p- i Ua>- iA L» J»5 jl ,ju 

lll>«J ' i []q~ pSJ\ lS_Jl5w jl jy_ Jl5 tojjLi 3jw?Ij 2J_»j>- ^ .Lf-5 ^^iiJl i 

Ui c*5iyij <L~~Jl ^p tLi^/yi f lil tj^Jj ."aj^^^SJI 4~~~Jl o^^j ^p lil^J 

^J Q*P ^Jy (^ JLJIj cAj J^iL <^JJl *klJl i_jfcjj:.4w3^jl fbiL«L) t4j>w>l • 4jL>-I 

5* 

. aL>- aJ jb£ ^ V Jb ^Lill 
tU-^-j t_i"}UJJ _^-Vl j_jj ^y^J-* ^^p * j o^p- '■Crf^v f— i ^ itilta ^^Ilp 

«ia^jl 1 (^JUl t^Ldl <i jjj LlV' ^ lA-b>rj ,jl 2-CJjLll A;_j*^Jl ^p j^ocJl c£j-" 
jli" lijfc ^j ."cil!i ,i aJJl> ^JJl ji^Jl Ji^ji-I j^pj 5iJ^ 3pL^ apj-^sI jl 

jy jl j^jjJj lj-b>r j ^ JJl ^J^l tLaip J-* Al^UaJl aJlpVI ^Jl-s^ ji u^^-^i' 

/»I-L>w-I \ f j^ t_-jtMaj V ijl l^jUurS'l jUJ .AS'j^Li ( -Lp j^iSsj . g - U. . jl ju .ljj# 
.jJljj-jiJl a5IjJI *jy^' Jj^- A,.a.,... I j o^U-Li! ji ^yLl jjj ^5ol l£jl5w 

r- jJjjLa olJbl ^JUl «.IJjJl Jj ^«Ujj&^I jy> »j-^"j tj_^ aJI* U./«^i i AjVj 

^ .JjL-^JI *-f« J^W-i jl^ j/» (j^-^ -^^1 („iJaLjcll c^4jjji (Jl L^j il_*j 
,*iy-* j\P ^yS <J^>JiJ- 5jL>ti^il ^>uiJ <^-;>«j cjJLpI aLi* U>«j i L'L Jl <_£ J^-l 
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<Gl jjP tjjc-i^jl s^Ssi ji^Sjjii jL>c_ol 1 1935 fLc- Uu>-V OjdJ 3jl>-1^ i 
iLpljui>l "L^p S^>«-rf9 tjlijLA (3«Jlu^ i J ij>- *>\j I l>-Ip jjo>_v*J.I (JaJL^il Ijjb 

IL^^ -kJ^* [o[J,l ?>\jL\ <_jL«J- obi tGeiger counter] j>^>t ^I-Apj a^^i-^ 
t .^oj rii Jsjw'l L»_j (^pL J">\j>- . L^Jp- LgJs *i~» JL 51 - ♦— ' 4™* . .t. g" 2» l» c 
.4kSJl J^'j >>^^r -s^ 2LpL*J>^I 2-LjJI _^ii~J j! ^ AjLLLi 50 *j-& JUi^-l iJLa 

2_5\Jl5\^ — ~£ AJUjlaj iSJi>JJl tilLi i c^-g a."- 3-PLx-i^'l olj-Jl Jwj jry*~! 

l*V c J-5UJVI i^- ^j l*JU- ^U pULJI vi~»- ^ J^Jl J^ Js- l*it ^U 
j-ULj SJauJ \\ SJaill ol^j ij^itjii Jifl L>-3 t jy*^ aJ\ j>p .j^JLo-is-^l t yu ^ju'y 
iJLaj .5^?- Aki» aj^a 3Jaj «lj_Jl Jb>- ^1p L$Jl lp t 2 — «j-o^ 3J<Jj tlg. a,i Sjjj^JaJLi 



lii>- «I L 3r«-*' j-*-' J^^ij^ 5_>v>-( jl L«l Cj t_-> I 2j>,iJ>- -„4 UL) jO I 4>tj ,-Lp 

j aSo jl JU>jl>-I - - ^ "" a .i i ^ y^ y> jjjoob 2_^>|jL| ,^oj ri 3j>-j-« jl 

j;P .<UP C~?«JJ ^j.yir ^^J ^^A' J^ y - o' J-Jl J_p- y*"' jl f-*° ¥> l£ jjj^SJ^I 
jjjOO^I jl Jji -yp t/p^Lgjj jS" ^>oij SJj^JaJ j J| Al jj2j U>_j 4^Jl1j>5j Ijl* jl 
y*j jJlpj .4^*iJ c^i_Jl ^ iJL* *>lJi ^_^>rj-«j L* *>Lii j^^-j^ i/^ ^ 

t4-?- ■_ '" ^ ' t2^_« ^Ju^aJ Aia3 --f- j^Stjii i»LjJI?- jLs t j Jj-4j i Sj^j.' L»_J t pL*» 

Ttiju j^>- oljj ' '*»* Lo_j j j ■-" _j »a3o1 l _JL>i5 J i ,4j«JJ j»lwL^i_>jl «j^»j l5\-Xo Lcl 

■jA LSnJ Sjlib 50 jLo^5-L| (,\p- jl 2j^ jjXJ v_ij-<.' _ aJaiJl J,l ^Jilij (JjJ-U^ail 
OU<ai t^xJ.I ou<aJ SiaiJl LJ -y» t - L ^ J ^-a~i>- iiL* 4jl ^Jju ^ \ JL» ..JyLSs^^l -j Jl* 

.U-i 



s 
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(_$Jj jt i Xi- jy_ jjil « *• y* £ c ^ l/ '^'jv'L* 1 - -k-* .TtJL^ii ^^w^">l>Jl jj.,^j:'I 
a^i-l jl ASI djf ^ tl_g-> (^rjo jiS\ XLj&S\ jL>-l ,i Ajyi-I j-« au*j I j-^5 Iij-^I 
Ijjli^ ( —J djf tSJLl-l aJl*. i t^*j 'I* .^"^ IJlA^ jL*y 4jblaJl »L>j5-lj 
j»Ui V ^Ju^jJl II* jl ^ *_jj 'V aJI jjp t4^j^>jf 2L*h La^Lj 4Ja5 i_ju^»j LijJL» 

a-^0 y> 3 5J j>y A-^liLLI C->lJ J jOO^i I jl o rt-=*~l /V» J j£ j*i *L«I*jl j' «Jfc j «J 4s*ts>- 

4*J ^IJbk^l (_£j~^>r L. ? jil Sj^Liil jj! .2L>- jl 4i~« ^li^^l WWall jl j t^-Tjl 
^Jjt) ^J| r^i r ^JajtJ UjIj ij Lj>tl~~« /w» J <-»-&} J* "WsjIjC^ 

^JLjl . il^ll lk>-l (^JJl jJk jjj t^4-ijyAj Q>"W -^ tjL^-l ^t—lajj 

ajjI^L; (jj^ijjl jjj Aiilj (1936 /v.j ^j j-uJ ^i j>-^ »j^ j^> £-» j^^js* 
|v>Jl iSLjlSL» 2l>jU^ i A^jLl J-Lj t g : .*j jUj *L5 jUp! 4j| tiU-Vlj jU-l 
U-i cyf^jyij ,juJLjI jl :e.i_Ut aJL^IjCpI c-JlS" ." -«Jip 2JL>-"j "Ipj^" I^jI 
Jl c- Ui^V j-» V-0 4*5^ iSLilSL» j^ip L^j"iljl ^y j"VjL»j VJlS' t jjj J 15 

/^ tc^^r^l <L~*L-« i SjjL dJUi •jff- j u j£- UkS'j . J jjJj *3ol lXJl>^o O-ilS" l> 

As- jl .4jr,,WH 1$Jp jj>Ji jJl ^iLSol ^ d-JtJl tljj-iJl 5 -<^- 4 jl jy^J Jl Lkii-I 
\j>\s£~\ lL*Jr\ -jf- ji£ Oaj V IJL* .' 4jt_JaJl -jP 4Jj5 j».,ia.T. i U. ^jCj> ^bj-iJl 

— a^ikd! ia-j^Vl] Ttactatus Logico-Philosophicus jcJuj^ci J^p ^ 

jl ( li- LJi V AJl ,»-Pj_"c~«-Ai jl Lip (ju«i 4^"^XJ| -jf- yyju Cn?~" -[i^JUil 

.ajjJlll c^IjL*JIj Ji^j i^^ 1 iji^i^^a «-j^ JLp *JU»I 05 jjj 

fLoJP aUZJl C "tf I 4Jj J-l j£-3tj£i ^U« oi> )V5 jL5 C ^juLvaJLy» j aS\J , 5^>-j 

a^-Ls^- 5jL>-I r- J? ^Jj j^P -»yS *-^a «J ^,:..,...'J i_ip .!L>_^L>~ 4jL~« Jl tljj_ijl 
ji e:>U» jlyl ij^^-S^ ia-jjlail JUiSfl Spj j*Aa j* ? L£ $L^*>IS' Jly.; jf- 
jy- VI ^^5 JiCio ai^ j! 2L>. j^J jl sJai)! ^^1j V '■(SjJj* 3 l£j~>*> A*-^ 
2 i< j,ySi\ CJil_pJJ sh^ J^ - (*JL-iJl Jij'^ 1 I Ia Jt> JLi! .LjJl Ja^-">U J±j 
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l^IjUI j~^> SjiliJl o\Jjj33^l cJlS" JiiJ .o»-l g;f f Lil ^ iL'b I^U. 

(jJj^Zu^a C4~*J^SJ| 4-jJI log <v5v^ ^(jljiSwslj ^.J-a-P 4-pla-i^l 51 jjl J*^>cjlj 

jvP .Jj'LJJ o-U Jic. JUiJVi j^ l5j-^t V tlL'b JU-1 y> LS ij y jij 
tllL^P . -*Li!l cjjj*tj ^l« UU? Jl*>- J^-i-; tbj-jijl *LJLp l_ *y«j c2L Aai\ ~-q~>jS- 
jj i^.JLJI jji.^aj V /jjJJl tjwbjji]! «-la*-» -XiP .ajj^ai\ r- jL>- 3iaJLSl ^ii-J 
eJlijj 4j| oL^AiJl AjIJj i jji r- jVjdL* j>=*-I -^ •is*£ J . ^--^ '-*-* ttiL**- jl 
ol^^U^- 4L..J L* ^j , "jip lili 4-«-^ ^j t^L^L-Vl bUaiJl; <U*uij Jli-il /jP 

ji-^" -A*- Jl r jyjA* J*lj tl-L-LSw-l i jjjJUl cul~* 4j^L>- i 1955 ^ L*LUl 
aJL» ^P iJsLiti^V* I~1p t*_~sr_«i Vj *..Ja.T.-i V l^J U jL>- Jlij c j_»j LiU^j ( JLp 

jCPI -\JJ .«uj.jiji *u>Jp ,jij aJLp Jjjiill j»s**' ui— " s>A*J /T jv ji^-* *— i^j- 4 J 1 ^^* 1 
4*^Jl ajl**. 4^^. (V 5JI lxJl£^ L*jp Jl ^JjjLJIj i-ijJLdl ali^Vl; JU-iJVI 
Uijv 1964 c^ k,;:.*l [John Bell] Jj J_^r *b>iJl (i U jt jjp . jLiJl iiii 

*l />rl jl ,jy, -LaJ . d . » .^ C-Jl5 d)J) t4JjJL>c« ijj^ j i_j I i>t?- •_* S- j\j 15^-io 2U_.-.; 

.UaiJ-l ,Ji>Jl Jl aijiJ ,^'lijs^l £JM J^ Jj^ a-l>-IJLJl ujli^j 

jl jjfc ajL»\JI i jjj *>t>- l5^j-« j^" -^J .3i*i>- JjJ-1 *-*^j V IJL» jl j* 
jj> . Ji*JJ 1— >L-« c,^- i_JU<aJ C—-* i_A-AJ <-rij>- Jlj^"- (Vi*^ ^* ^ ti-J-^-l 
J y»u A-o-uojJI j»3ol aj Jaj i (J V *j| Ap jvs\ <.,ycJ^j\ Aiiljjr. t^-Jj^A jl 
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caIiaJI .a*3^>-VI oJia ^1p tj-^ajl ^p-bll ^j^>tJlj iSj^ f AiJl IJla JaL- 
<^Jl oli j^&VI j oljJJl ^- JSl*Jl iJbJl . 12 jf L^^r c J c Jjj^J>U iku 

jj^ : » ,>• . j*2*p «—U I OyiJl ,i Cj\ jliil ^ Lf^l-I Sj^^aJl 9 L-il 1 JL^>- iiy«j jlS" 

r>£, V ^P^^-i jy»^ f-^_^ I -i* 01 j>p- - lg-^*J iiLiJ ilaJ- ^ j j^JI J^j »i yL» 
.f jl j-»j i_JLiu t^i j-jj^SoI l\ia\\ f-^>j Oli IJU .t5j*-l J,l ^JaJ- -^ L^L>J 

i__JL-l 0_^J-«-*ll jJljj^iJl oJb>*^l 4^-j^>tiJ! <_JbM Jlp ;<u^jij oj Jl .j 
tjJcj V c-jIj '(c^*^ is*y°^ £-*' J l^ <-^lj-^ ^r* ^Pj-*^f jJlp JsUJ-I L»jjJJj:. 
t f- L^jVl »-L* 0J .Sjwai \±»$\ ljjS\ OjSsJj ^LiS oljJUl iJLP 0^5sj 01 ^Jaj^ 

^^Slail ij\j Jij i^j^SOl AJaiJl x_Ja j ^P j*r3jjj> C-J-^ 01 ^A 4_^)'5U-I 
Ujw.li *Jai olji JS" ^jU Js»liJ-l Ol^VW 015" y .A-sJa-Jl ^ 4jLp iJoJji-l 

jy-J Ajr* V y*J J* S^v^J j-o-^J^l LpLiJl 1*51^1 i Cr^i '^~ { ^ Si ^ > *-?* 
f-jsyh l-i-A ^i« -^^^ aJI>«^-I »Li LJ (^i^sj aIiaJI C^lji ^j J^Jb>»j ^ JJl 0j_^p 
aIiaJI ^«(Ja^Jj L. Oli ;diJi^ Us_^p .Lgj di-wj: V i^USlaJ- ^y VI t^j^SOl 
^ia-i Jj-l-Ul ^j^aSJl ^«-Ja jJI jjii f-UJI SjoIj (c^y (fjl ^aJU^J*-! jJij c5 j-^ irJ 
La JawaJl A>-j ip ^b tis^J-l jL IaJ tiLill ( __ r iijLs^i-l aJjbj .i] I i jl »L4Vl I -i* 
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( ^jj ^ <i~)Jj>JJ l? jw ^j^tj ^ ^UipVI (i Lilai* y^ojji jlS' lij j^Jj 
^Jlp i±jJj>3 t^l jjJLir. *jl iUipl ^ y - ^ >* Cs^ ■)¥■ ^ (. i r*j-*>>)\ SiaiJl 

^>v>- ^ _«:>l*JlS'-4Jl j^pj t^j^S' j>o ( ^Lp dJULJ V A-*il^!l UUstl j L, ^jjyjl 

.~£J~\ \X& jjc AjjJ AaiJL» 

— Oi — ^ JUi.-1yi.ijji aki <jjd JJi .JUi»VI L-ii^jji c Jl>- <^l J^-j 
JyL) L^ V *jl j^P .J)jJ '■/?'! 7«^; <ji*- <*-*- U\il (^JuijSo jl i J^^oj»- — (J,l 
iJLj_iJl rJLJl ji Sy^i . jj-l I JLft Jl 1>«-Py» J^i-ol Jjot L» AjLgjJl y IJLa . Jbjil 
j^ljLjI jjS'jLlj /vJJl * jJl fLj^jjJl sUJLp /«--j ^ ijW ■ j~*^ ^a?- 5JLU ^^p 

l^xJi «J « tjjCUiUjl JU La^J . i «JLL» «Lg-i J yr JJ jjJljJl ipJPj ^l>-LpjJI y' 
. Jjail *iJ&J. Ulp >«i-L» Ja^« ilL* jj-Jj C(t^Jl l^LjL^L* i "^JU- 2byi 5jI 
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lij^j V JJ-iJ' uljJ-iJl ^LJ^ (%-laj" iJlJLP j~Ju J^iil l-XA jl ."J*aJIj L*jL4l e 

^Js- j jl j^j j>_ JJl viJJjl ^ d-LftLi icb^kJl <ui*J L. jvJkjL^-L) 4jL-">UJ| /»Li ^i 

r- jojjU>Jis-VdJ-!i ^i* i jjUl.r.; a_-jLjf L$iij i_j>rjl> ^Jl ^^' /^ C-^jW 1 *"! 

Jj£_iJ oVjl^^.'j^ "VU-iol -V-j i cPfadfinder «-Uj>- a-» <_pj^-jJl Jlj^l. 

. ^» v£Jt\ i UJI lg_L« J_iL 4jL»Ji 

.ajL^LsJLi a^_J. i^Ja^Jl e-Lj^ill i l*J io-b jUJVlj ci^Li'j ^Uil ^ cl^ir 

i_j-LiJ jiP .UIj ^jaLjj nW< ,J,I (JjUaJl ^ j^j IJl_« /*-r-">> P J_r~-* u^ 
<hjhj (V>Jl Aj^liJ i__->l* i l-'l Utvu (JJ-4JI - (JJ.LklJl lr jojjtfc Jllp . 4_»1>^>-I 

<up jo«j jl J,[ OrU- i /»U- J^-io l.li f-^ 1 " - 3^2— '^-Jl f-^ij^ i/ aJl-JL- 
L— j t4jLi^« y**j ijipj .4.JLJL»- AjjJiJ ,J,I Jas; C—^tj t^^abj '•r*^' ■ P^*' <_/ 
iljLJl j t/r^ iijUl jl Ijsi . f Idl ^ _/-"Sfl *Ja*ft j^ l-V* 'r ^^ (A! 
j%-J -b>- Al ^A— JL9 > i^jL« _ <U_uiJ j-LaJLi jbj ipjs 1 n g : Snj jLjaiLl* ^«_>~«>-l 
t j-jf _p*J ^jip t^Jb jjj Jllp IJLil jl ^ .aJIj^J J^L^* ^^Ip ULp-I cj^aJl Jal~o 



a_jj! \j+. 248 

J^ ^ °U J_* £> -^J '^^ O^^l IJbJUt j.ldl ^l oiJ . JjVl f Lili J 

l^-1£j ^^ j^) .Uajl (_£>-Vl c^i*il ^cbj^uiJl iUs- JSL& Uu}> Js OljJdl 
*** ^ u^^-jZ J-'y j "aL^Lij tj^\" j* jy, oi t l932 fLc- ^ 

JuiU t^(j^- ^aj Jju .4~k!l JS"Uil ,_iilii ^j c^JsJL r-t^l ?y^ y J^ 

Luigi] JUJW ^^ (jj/i) cL^-l Jlp «.UJ ^ "ijjjJl «.IjjjiJlj a^Vl ,Jp" 
o">L^p ^^jk j^- j^t 0>5l ijL^ ^ ^LS ^jj! Jlk^l ^ l*]l t [Galvani 
cUi*J o~i>^ 015" 1938 ^Vs> ^j aj\ jJ- .4jL»_> *^.j^ iiLLs ^Ij^cu-Ij «- .5LU2J! 

V^J** J ^ ^1 ^J^ jlJ^^b l-^„ 15" c^UJlS'j ."ij^dJl oliliiJij ;u~kji 

oUaa^l ^ Aii>J.I <£\yi\ d\ ^jJb" ^Uj-iJl cJlS" iJlJuM .2L*^JL|j 4~>-j^ 

^ a ^ ^jj JjA! '*>^> oLJ-' o^ J^Oj^j /^»- .ajL^I jjJbjjiJl .*-*>- 1p tjyCj 
k* k*- {j* <■>**** J^M ^V> CjUjj^-I ,>* <^j^4 ^1 ,jJl£Jl jC*i 0? 

^-J tjjij jlS" UJ tjL^lii» Objjj jUU .5jUJ(j "Ij^ ^.-> ■■■' ir^Ua^j 



.4_~jl! C_J 
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^J-l ^'l&l *l^>-f jJiCii jl Ldp J«J caJLajw aJT l$jf ^ aUi-l ^i U-ijI ISI 
i u2jLa?- -jP LjLiJ l)jj t^fjjjj fLiJI-; liil jjP t, LoJt; <_Ap 5i jii lij ^>- li; ^>- 

ji L»-., j cbjjiP 4i-i j^ u^i isi cjjUii j . ^fis ^j~\ j\£s\ uuU su-i 

LL?*Jl -jp i jy«-!l t^jl-ijl f*?^^ '/c^'j- 2 1*^*" J»! jy- j°~ a - ^*-"^' °-l* /r* 

jjJULf,<bl ^jju j»LJl jl JjJL jlfT~laJ ."*L>-Vl j»ip ji L$~j«j c^LiJaj t^SsJlS^II 
jjij ls**-* W lj^ r ^i ls* 5 " tL*j«U ^~ oLJl>j \^a\j>- L^jL^jj -l->- J jl SjLjJI 
• p aIl^I K' v_~^j 1-1* jli c «JkJL j . *jj~LI s-Lo-iCllj 2—w- jil ^j^Jrl c^LL>-«Jl 
ijeJujI aJL>«j i^i-Sl jjfc APjl^il ^* i- y]\ I Jl*j 4^-^ v^ ^-TJ /r* 4->L*Jl jJUa* 

LdP jS Jjjli* jL*J^I jl 4JLiL>«j jLcj lo-i j»bJl ^y> [jjf- -L>-j '(j-^S-JI ri-Lp <£ 

xJa^J 1^5" c t | jjfc">U jU«i> "^ Sij^kj j j^'^l (»1 Jl^l*L LL>»j jl aJs^J . SjLIsIpj 
Laji^^aiJ Jw V i_aL>I jP« jpLi^ jji • I j :._*\ c->ljl~>- l_-^ j" a^^Lj c~s «Jl Jz 
AiJijJ r- S ji iilJul 4jJl! ^^Ssj i j^j jl ^j j . Oi^H ??h *~~*J s- Ltjdl . U">Iap 
^bJl jl JLiipl a;! Js i_jj tAi cA-iJoUJlj aJ^Ji^VI LjIjJIL aIu.j *Jaz~j 9 L.JLJ1 
. 4—jLS j JLaII 1 jP Ij^^j jl /-• jW; j — *>Ul j jk'tl /^C 

JsJoj ir^j 'hj^ jl ^*>=- ^w*^"' a -^-* - > -^ j>! 015" ISI L» li">Us>J rc-Uaii V 

^jyCj jLalll^ jLJL>- jL>til « c**^' '-'h Lo~-~— •» -^ >J jl 7*^? A' /V <> - 9 t-Aj~^>«-jl (II 
«^ j_jj JU cJlLiJjjj 4jIjj !_— o- .olsjVl Ji^ ^ (j*^' ij U-^1p iiUJ-l 
t<u50 tt^yiil j-. ."^bJl j_po viLL» ce-^ t^l ^ ^-^ j^^ JJ C-s^i?- L> ^l" 
i_jL-j>- ^Ip Jj o ji-L*i ioO (jilaj jL5 j«j jl Ji«j jl t JjJiail j^c- L y» taU^^>-lj 
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p-^jjj j^j LJLp j^LSo iJj J r*-VI t\jj~ij\ tLalp .tS y* j^~ L- 1 - -^- ' bLbJ '[ls^t' 

J*i iiSj .4—uiJ JLb ji ^ jJ-l jjj l_ — --^Tl t(»JaP (1 Ip ij\ Ji. .2J^si «j;j- ^ 

ubj-iJl *1p ji a^Jbi 4!iv»b llJlp ti~^i> 01 jJ-biJ Ji> ^jIp Jjb>- OJj iJiii^i 
* « , 

JUj ttLs-V' *UiP j^ j y jyfr-^r 01 ^i *1^» V <0i *-Pj_j .«JlJu LL'U llLp jjj 
jj^i>. ^~j ^£Jb \jj*£ ,< ^*n j- ^ ^j tL>-^ijj_j^Vl «LApj '^^-^ 

}\£j V t«0_jJUaij V p ijM'i 0jl.,^aj 0_jJbj~iJl OlSl *lj-*_j t<-~iJ C-i_yJl .J 
j^Sol Aj^Iau jljj lg:a>- Jl 2-j^JI jlSity ~^>-'%> i 0_^LLjL Oji^^ll 4jL**}biJl 

fljj-b i_iJL>-l jjl>- 4>- t) r- ^yjjbb IJL^ •_• J f Lp 4>- *J »SJl ISsJlSv-j» v-» i g **j ' 

Oiilj J_p- iS'ytil ^ j*\J-\ v_JUi-l ^i Ij3l5" ijjijjt^j^Jl jjJsJil 01 j»-^jj 

cjLjjC^p ji [Vienna Circle] bJ i«L>- j^ c-l*>- ci-ilaill 2Lju^>^]I ^b 
t_jL»i-l ^ P jj Jc^-^ *.aW:ll 2Ljws^]1 s- L_il 7-Ji\ .Lf! Li.^ cJLiJl by&\ 
\JnS , g 5 ... i j^-j i4JLjj~«^[! cjLL*ilj (jjLiLi-l /_» *J-Jb .«u^ij jt-Ui! ^iL^liJl 
J-UJI ^l_jii JS\ yJ- Js- ijiUj !^> J^Lio 4>.->w5 ob^JaJ olo^^l ^ 
4ijIj_a* Jj^ -0 tlr tS : ab;< 4^>-j -j» \juk\ JjoI jU^t /ps^l lil .3^1 rva , gjLwJLiJl 



oL^^iJl 01 Jl Ov*-^ 1 u**^j>\ y\-*3 [Ernst Mach] £■ L. c — '>} u»i 

j^jiJj^Ji _L^i .JjtJaJI ^j,,^^ 4_U-ljJl 3JLJLI-! ^ «■ ^j J,J J-^Jl OLJ ( ^ r P 
jJuJl jjJLir. ^^So i bt <Ul ,^p l_^bU>r ,»^;'xJ to^^siJl oJl$j ^Ip a^^j jj : ?W;U 

JL^pI JLL£ .JjL>*i1J Jjli C->v jlaiC.JLjJl 4jJ ^j£j ji Oi*^ ^ i£*i. '«^* .SiiJlj 

jJSl ^ Sj^^aJl 0f r-Ll^-V i_jL~>- -ij>-_^ i^jUJt f- LS^ iJjUl i t^sbjjl 
oLJa*il j>~-«J (Jp L^j j^i £-**- /y> ,_/> ^i^^J' //• -i LfcjJlS A.M..S.0 4^i5b Ojl^bf 

I( y» ^ J J* L? jKl ^ ^ Jjb f 015" bl L. jL^-lj 

» gTgi^Jaj i_jjL4j oLi^Jaj Cjl-b>c^jl ^ c-l.a.U.11 j-*^-o <— Jj-v .(«-J-J^ ^> i L> 
4j| jjp .aISo- (t-filS' 3jL/>UJ| i_ijva^ i_i_^vj ti-^jN-jJl • tA^jJl « t^Li-iLiail 
(„iJuiS"! JJLl .o liJVa Lg_si>j\jl ^Jl S o ./?»ll) ^~J fl>J-l JLp!»5 i_jLS' 0l ^.t.^I 
IS' 0I jj£ d\sjjaj i_~* .4PoU- 4jyL*a iLi 5iL>- tUapl Jj>-\ ^A « '.U -* Jj^ 
_/-! OjJ <^l ^ <_ilJLP ^jIp £jyS- . Jr*-* J ji ttlij— [ObyJl ^ f- _^] OUOiJl 

i_>Ijlp ^^ip iljjip 0I Loi" cOj^j ot ^jIj L. iJUbj <.4jJoJ\ o jjb 0*>U^ C;Q i_ij-- 
. L» LioJ A ; ab;« ii>w^« ijL» O' jS- . LgJ («-P-JI /** ^>r j^ Cy'y- •— * j-" 5j*a>- Jj-*I 
UJ Jjjj .lilJLp ( _ r J ijJu U ~J L. JS" o! ^j.Li..J tb^- OlsOjJl J5" O? aLJL| 

titiku Ujyi IJL* 0j5o -J .OliajJl Aj^laJ *pjJI ^ *>Lui> \'jSi jSLio _slj*5- 

^ iL^i L» ^jtC. Jl«j A-ikiLl 3-*-> jJl f- j j ri^« 0' 3JLi>- ajjli»- Ijl* -^p lij V j 
«.Lj^iJl sLJlp 0I5 - c£ ^ cui_j]l ^ -uJiJ /y^>\j ijLc- «—LJl O^i ^ a~»^U ^xj 
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( J~JLi!l lJj_J| jlS" j^>- JL. Jl l-L» fr L>- JjiJ .(«-flLsf ^ 4~«j^-I ^p Ciyjc^j 
.4jVI>- *j— 'l (i ajJlJljcJI 2JL JJl ( Jlp ,c->^p ,Tfl : * LSLi^j k j&\£-\ 

AjuJaJl ,j ,-P yjs y jj~3J Cj^ tJu^tJl jl y^jti IjAIipI -j? c2uL»i^jjjl i J^*j 
I Jd , ^jCi, OVl -^jj «u-ij *jL«JI 01 jJp ">Lta r- jJjjL* Ia_4 Ijj>ipI '(»-*_} *J^ 
■jj> ^Jajjm i Lkj L$d^Ap Jjjj 4~JjJI C->Li JiJl <U1*j L» J_p- J-L^-l /^ (_£j-^T V 

j»jij Jl i^LSol Siyt^j t*-* j ja> (Jl olx~iJl « c->l-iJiixll JbJL^ (_^l L~^Jl ^« 
Oj jbj JJsi .di!i 4jLi L«j coUjLJI k<SJ~\ ^OjL <Jl>- 4~<Jj<J| apU^-I Lg-aij 
.JjJI L>- J y*» y* • jt-— L; t-? j*j C-^>twsl ) 4-iL-J-ijl -_£■ IJLjij CjL-IjAjI oJj^ JJU 
f- U?jV 2jL>^-I ^i~>tii i-> Jl jl jL«jji Jjj jlyj t__*iil IJl* lS Jlp ili.Vl (jy ^ 
.^^1 Js- iip-lJl cLj-i]l JS'LJL. ^ y;L J=Jy il£j Vj _/_li Ulll 

jj ,,^rll jl i 4j-LiiJ jJ5^l 4jL-MiJl Ju jIa^p'VI j^lw-l ij?-\ i_JL>- /-» 

ijj Jl l-L^ fr L>- 1» g":jj (J* j • J-a*^ LiL£ 4*^ ^J-* i_r-J i^'^J^' / ^' l/ lP^**^ 
The Logic of Scientific 1934 f Ip j^UJI ^LT ^ .4i-l>- jL* j^p \'jj- «uL^jj 
(J-p [Kari Popper] y.y. JjlS" ^Jai tf^j*!^! tJui^Jl jk^] Discovery 

L» *^i-« r- Jo* iC->lj JiJl <j~lv2 ^Lj) jjJillj Jj>j jl i 2_aU-ll S^jl-^ Jl r- yoSs 
ji(_jp J^l^r J-aJ .oL jlaJl j^Uaj oLJ) tij-" i^k V "*->! obj^ j^l LwLi «~*»f 

^_5^^j /pJ) 4CUljLl?-l /y jl-^T L« J-Ai L?^-^ J J oLpX» jO I ■»■■ : :"~ cjIj JiJl 

L>tl~-j .oJb_L>- ^-ij^r AJ jw« ^a?-JUj <L> ^P LoJb iiij il^jbl <b_^>- /fP Jilll 

ijj^a ISs^io »Jj<jl jl 5t->«ws> .LgJ>«-^2j jLw? (_£l Jp Lvi^- jl CjIj JajJ! j Js- 

UaJ L^JL Ojli>- jifT^I jJjJI Jylji ^>- tJ^Jj tLgJLfcS" jJLS ^U^i Sjt-JaJl ^^P 

. JjfcljjJl <«j »Jj L. IJla j\£ lil c JUau^iU S^i>^P 

L> «^1 «juj !_-> jL>«Jl jL; yL jl <u1p (jv»j to>Li JiJl jL^>-l Ijjii AS I jjj jVj 
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Aarlj I^SL* . jl^« _p*J ,J-p 2LS±SLj IjjJbr jJLji-^l *^*Jl JjSo Jl Oi*^J aJI j^p 

JliLpl t,-ft. La.ll aJUL£ ?sJ>tJL) ^5" .AJL-lil reillJl y Aii 1« ^*j^S jj— J AjS\^J.I 

•jSjT. AJL Jsj trtll; «U**j lLj Jb- <^l - Aj^-^JI i (_£-Lhu ^j^jLa Jl r- ll»*j Aji _y. ^j 
i_~>- ii; M l» _....i j^SJl iSsJlSOk j »j Lo .Sj jlS JLaJ .1 g :.»; A>«-1) tAJo Lgj j— ^Jl 

. \s]g& r j6 JjL* OjSo 01 

The Logic of ajIi^ ^ AJliVl A*JaJl ^ aJU U IJL* Oli ^JiJ JSI ^^Ipj 
oLJiJl «jkLil ^lo^^l ji Aj"ly>- ^ ^Lii jjj^l J-l! .Scientific Discovery 
^wjUI i\jjJH>\ iUip 01 0L-~^«j aJJ Jli a^J ciljj-iil ^ 2JL~4 -« J-»l*Jl ^ 
«-I ^^Lp jji*Jl j^.^1 .sliiP^ jjy. ajJl! tA.ji.xii.il jJaLil *L»«^il Jl Ij^k^l 

. tlj uiilj (jis-J.1 ijy l^j*" "^"'■' J* 



AjU- 



♦Sol iSv-jlSv^a 0jS\J 01 J «Juiilj Jlij Aji ol^j^ tuj IS »5s-i-« L<kSj>- J t) jJ^jI 

Vli* ^^ -^j '^i^' '-V 4 f>$J ^.y^. fLj^l 01SL.^Ij 015" jl ^^ a^»ws 
ajIiS'j^I .j i_j 1 ij^»tj ^piJ LS di-Si jl5" .A^iJ aJ ^Sil hj>^\ oJL* Jp 
jJJi (jjj 1 1959 ^Lp ^^ ^>>L£l a^^j^. The Logic of Scientific Discovery 
ajJ L^-jj J jJL tol»-- a-oj /j-^j 'ij^-~*i^ ,y ajL-j /_« a?*— ~! AJLp-'^ta i «-^ C-JjJI 
aj^^jJI jli tojLJl js- *SJl iSLjlSL* j^Ui* e_.:<r ,i _/*"*^l j^ J-*' ^' i*-^j 

j^I-1 <JjJ-\ J^"%> ^^i t—JUsI tdJJi *-^j .A^J.1 J>^" V y.jj Lp-j^l ^1 
0-Lpliil A-j^Jl ji t-^JjIaIJL^ 15n-1j jl AlL>tw-l ^P tAP^l* i_jL^V tlfci J^l^vi 

.L^lSLio aJI «.Ljj-jiJl *UJp i_™^- jJl aj^jaJ-I 

jj-| Lj£ (jiJljjjiil t^Jj l_j-Lo-=>- tji^-ll Jj^lill ^jjvaUll 3jL-*)liJl jy ^ 
Jj ^^Lp oljyS'aJl a>-j^ ^jLp J-vs^ (jJJl t[Moritz Schlick] siiLi yjy> 
*^> jiL>- J>-i«j kiJLLi J-*ly •!—* AJi>- ^_~^j^ Jb-I y r . ...a ; jl Li iiJj*>l-; l r*^'L« 
iJLi^ li>tj t^5T 1931 (»Ip jij tAii?- a-j^JI IJLw» ^ju L» i_-*y»j ^ ^-^JjjL* 
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t[«^Uil fljj-iJl ^ a-~J|] "Causality in Contemporary Physics" jly*; 

\JJmja fLJbtll <L»Jj>tivj1 JuL*> «i 4j>^ »-« »a L« jJli> LLS^ 1'sU- » \Xu* ^-J <*-il /lj 

jl l*$\ 3 jJi ^'j^- j£-ij VI £* Jj V Aji J t yS i k^J\ ,jjiu. 01 jP dJJLi J^^r 

JlpljS j^ .jJ'li; ^Lj-aSI JlaJ Cj^j 0) (_s^-j .A; j£j L^jL^>- ^^j: oVU2>-1 
^1p Laij tj^j c^l e^l! i-Jj^JaJl fc^fi iCjAjw L« ^ic^ -.«-Slijjl ,>• 4JLJL- | ><i>tj 
Lo-j tL«^ olis>LJ jl ^Lp i j*^j* v_jlv3 j I Jl* . L« jjJb j^^l oUl>_4j * jjij <^LJl 
c->~bi jl «.Li"^J j^jl Ajf 2LLJL>- .aJLj^-I o-^v^l ^.....Jl jl «.Lii^l cdULi ^^ 
tSjLgJl ,j .C-ij t5' <^ tc-i^^j jl (C-li «-^i t^l jjJLiC.Aji ^.jj V ^LaJLT J^-to 

tlr^U^^ £ J J £* U^" J J t^ J—^ V' — ^1 h j-~Jl j-* Ip>> kiiiA j_^~aJ" j^ jj 
oLSJj U^ l'irn:* U*>L*\ Jjjju «O oS" i iiLi l \^~ oji/j^S^» . j »; LgJ r- jj ^Jl 

^LiVl si-* jyjL>cj jjJJI .*jL/>li!l *Ji*^ .Up { J^Z V aJjJ.1 jU tdJJi lS 1p 
JjjUj oi^Ul j^filril Jjj^i jt-frjj • ij-ai* J^-^i ,jA*liJl ^^-IfJ jS* JjjU jP 

[David Bohm] ^. ^-ii Cf-J^^ *~>^ oL-*> ,i aJpi (*£Jl iSLilSLl JjJj 
o->L« «1»-« 4-ijL| ol joiill U>J-- . A*ji>-I c->l rJciL ^«-*«j L» nP i-Aii-l a^LiCil *-P jj 
i_j I ii^ ilSli ^jip jj^J jJl 5i±>Vl jij iAyi^*5l!l c^LyJi-l J_j5- aJLjsl 
cjljodl jl jk 5lSwJ.I .v^jL-Li)! 7y^> *J *>j i_i «— L« 11..».-« zJl£- t^LjjfcJJ! j 
^ip L>«I^«j C--»«j i-oJjl-l tLi>-y ,< ■" .irt * f *< (j-«j Jl .4_i?- CiiJU-X5' ^laj 4-jii*-l 
iifL* ja Ji^*>lil ^^Lc ^Jl 5JL> VI olajLdl jjaJ jl O^l IJL> ^^J jl Aj^ Aji 
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iJlfc jI~pI (Jl 3i^%iJl ^yaju. c_-»ij . A-^LiJl »^Jl lxJlSL« Aj ?s^~j \J JS\ jj> L. 

. i ,.>.Jl j>-*jSJ [J Aj jJts^» j«Jj>«j (fllJlj j j) AjL>- i Lo ) |»-^ji C-^J '""Lf Lsis w» 

IS^JlSv-» apL*a! f u «jLpI ft «j ^xll aoUI aJjJL*IL Oj />-N ^j^sJljj) i_^t«j I 

. lwL>- 1 ./j ; >-j (3 j-^j ^-j oi-^V 6 -i* 0^ J >*i ^J^i ir^Li (^1 > :S JLl! .*SJl 

IS-JlS—» -^p jiiSol f- Lj^-VI <\*1&j j_p-jjilj Ai^tAiJl *_ ■£ ci_^i*Jl ^>p 
.LglSl cjJ i l^Jij jjJl J >^"' i< k** tL>T jiP iS-j^L Jjlo l*-i Lrf?j..^,->- c»^Jl 
JjjlJ aJI^I jil J j*^ty jjp AjI^SI j^ Jb- J,l *• Ujtor'VI «-Lipj 0_p- j jil J-kl; 

jj>~\ Ckii-Li i]jL^ j Ai-^tAiJi j» LiS c£j— > ^w i 4A~_jLj c-S^Jl ,i .^-is -c*-^ 
ajjJl>*j ~-QJ\ iJU JLi! .aJLL»j a^SL* c yH jvi *^~^«j a-*U3 ^ip /p^LgjLj iS' Aijb 

Ji. jl ^lP .ijjj^Vl a^J^JI OjS^J 01 Ifo-.o-v-' ^ aJLa?-! A-jtJaJl i Aj^laJ ( ip 

(_jl*j tlla>-lj VL«-*| AJj^^Ijij U AjLI*1 Aj^fliJl j^ju Ijiljl Jj i*^JI lxJli>L» j» 

.AJTJLiJl A;jJI^Jl ^ , )}■■■" 01 «-UjjiJl ^ip i_-J>r_jl! AJl A-JjVl 

^Js- j»5ol lSLjlS_« O^iJaj ^jjJJl ^jz^* 1 «-bkip -j» Al^L^aJI . U.tl aJIaJI J^S- 
^ IjaLJ /jjJjI «-LoJjJl -Up Ui» j*&>- <.jLs- jt^bJl 0ji!l 4jL^-> l/ .,< gnjjLJu^ 
ji Uj^iaJ «.Uji AjJaJl tbjjjtfl ^^ip OyO Aib jjjtA iJL«> 015" cjliVl <^Jjji' 
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flJUa> i^Ua^l tjujipl ^Jl ^j^' ^ .(SJ>J&\ tUis-V ^ cJV <jSji— C. 
<__Jl rywJ r- >jjU Ijl* J i U- oLfl-bJl c_J15" jUa^^^-l t2003 flp Ov-* 5 - 

.jj-iJl ^i^-All 01 Jli JuiS .Ojj-SJl i^aiJl ^j i O^ilaAj ^^i^waJl J-*>r <_^JLFl 
4jlp -,*^J_p- jjJG C-ilS" ^Ji JSlJuil IS" (j**^ 9 J^-^ 'j^J° • i >^' (*-* 'j4-lJl 
jlyt (jy CjVL <aJ' e j-* 1 4jjcl»ljll *-« oUj^a?- cJ^i^lj tlJLiJl ^ ,_/aiJ td. ; Wc-l 
i]La d)l jjp . jL^j LfcjwLi 4_LjiJ1 01 ojiiLii oLjj».,^ a-i* -^ IjU.:- .,1 . _l*J-\ 
V}U-^I JjL-j c-JlS" LiS"' *j\ Ju? cjj^ll di!j J_^j Le^* 'S!^' '-^ ^ iw> 
."ia^-^ll JLlp ijL^ j^Sl vyL' ^JJ^ ^>^i c<Py^' ajUjJI ^Li i aS^ ^Sl 
Sjj^I Sjjj jJlp tiijj-^ C-Ji cJ^-^UJl _1p \yS y _Lii C-iS" LJ5" <.j>-\ j^j. 

A^waJl _^jLiJl 01 («-f* l )s- Llj«j ^T r- ^jJ JjL* J\ 42J&- r L>»J La 'tj^J 

lil ,Jlp iJLiA ? L^liJl ia_«j )W2J Jli a-^jV' jjl^il O' j iiv^jLic^j il<l' j^p 
.L* j»J>JI ISLjISLj:. jLcj U lJ ^^J . J,lill J_ji tAj.UJl <^_^ V 



j' 
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j! ( _1p O^j^i »-$Jl . 4_j jjl iJUr^jjiS" jjiLcj 4-oVl Aj>Lxixll f- Lif Oli Ulajl 
«bfrl^i Ui j>p V| oli*»« v_~ ~^sj V aJI Jj iS j^y^r ji J^ 2 - 4 ,P" (JL^ j^vi V ,/a-Jl 
L»Lc « .J*^! \~^&i fj-^i /V (J 1 ^ ^-** ? ajLLj£ (_iL*-« *_— ^5sj 01 ojjJJLc. Oli J -^i . 

( _^aiil «^ c£jLaJl J-^^ij jj* L^J ,<^ A-oVl AxkjiJl ■ y** JL>- iJ&i t[L$j*iij] 

. Jui*j 01 O^So^iJl L. Jojj \j&*a jl t(sJiL»il «Jl* -ja OjjiJ^ll J>u >^-?*-) 

>=^«— i The New York Review of Books <j 1976 f U cj^cu; aJli. ^j 
i JlSOiVl j £-*]!" J| oyZy ^JJl .-oVl c5>^ ^ [Gore Vidal] JlJLJ j^>- 

(t->«-flj - A~o_a^l . JlP ajI-uI oL«*}\j<Jl _o i>«^— «0.1 i_Ju<2J «.L; uiJI <.L_Ip Ol-LA nl ,< j : " 
cjIj JiJj oL*jv« <j^J"^ -^ p-G** 4 A-~iLil ^ (1 g ...jjl AjjJ^-^1 AjJJl j^jjJl» o^i 

Lg_Lj«J Aj ->J ol .,^.,f?>tj JsLii 01 <^}l£ rS- { y\>- 4>») OJl>sJj Aji . < g ./?■>!-> 

01 J Lo ■■» ^Li I >ij9 LiLiJ ^i «JLllj a4-™^' ^t^ Ji^-* ' wl -r* jW-*^' OJuiaij 
4j j«LaJ| i 0j.al?,:I\ 0jjw9 jJ\ Lii (jf A.»..,/? jL4j (jd^^ 1 * O^Jjl^tj i_-oVI .iLaJ 

JLdi iliJl UI . A^aJlp 1$.,» a 'i [vJbJl A a, lj U^r j-Jt^sji^ s\j\ JLaJ . 0^> ou^aJ Jj^ 

^1 tiJU^- i!L~« Oj^j 01 ^J^i <S-^\ "-^'j^ (J 1 ^ *^^ _/•' j^J ^J^J 

.\jy* <lijv p. ^i^ (ji^ 

tCjLvLJLil /_« 1 ^ : : »; *■ Ijju ^LajLj (J-L*^ a^JLp ijjbjya r jj y\-&> »j^p 01j ?tx>«j 
IJl* »_^>tpl clj-- .,3^ JiJLJ j? js- .aLI J^f- JLkJl IJl* jjL>^d aJ J-JaJ ^1 jl j 

a^lj-di 0VL4 Ui-bi ^ aJL^i jL»^ jf£- *£l\ ISCjiSL^ ij j cJlS - lil u ji*i> ^ 
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&U*> Silpl [^.>il r bt-i] The West Wing <±y.p& JJLAl J^A» 

sJl* j^-^j tJjsLii.1 Jb-I ^ . jjW;,"i^j i ^*L~Jl JL^Juil oL>_^u~4 lpl ^ 
^1 1^ jj r» j (JL?- — Jjl> L«) <LJl~>- jol jiyj£i («Jus , LS /y» «LjLjM < * iL/i^ "■■ 'l 
L. Ly? ^j^ j>J (JLp IJl* jlfT -LflJ .^j^a-j.Vl c_Jl ,j »lJ-l J_p- ^^j ^ij^ 
jl*il 1>«^-j Jl—*- J U> j„ ; ..,i ft-ius i>LiJ J-^>jj JLjt>- JLaj.j.i.1 («-*u» :^jl-i^>- — Jj<j 

.,»?:.-» jUail ^ SJiLiJl ^jip (j^ 'V (JJJI »laJl *JL^> ^JlL> cS^aSJI sLJI ^ 
jl ojjAic. OIS" lil L. ^yJ t,./ 2 ^ 1 ^-^ l*--^ OJL>dll t [C j. Cregg] n±£ 

• <_>' -S-" -i— AjI ri-^°J j»Jy! ■» .,^,1 f-jij (_£ *^~- * J* p Ukl^-l (J •V'" j'-r"""'^ Jai-«j 

.j^l^ LoU- L.JJ II* JIS" lil L. .^.^jUiil^L^ JL^_ .[FBI] 

i UA Lo »Jf 1 (l' ■_ ; ■ 'l ,*->■ J' 

•'V jyjiL* '-V' /Vr^ -^tv*-' V i>-U- ji c— J 

"?L*jOu SykUaJl 4Ji>-">L« Jjii jl ^UaiJI 
IJLxj IL^ll t Jl*JI I g ■>!»_' _«J^^a l5\-JLl CjL~2^>s-iJ! ■ j-^'l g Tl tiSlJ-l tUjI 

5^pjil jJUi i_u*r JjL>o t g K - Sj-sIa jlS'jl ^ 5jL>tf- i {L*j>dJ tCjlj>*l5ol ^p 
o-b>- j^^—j *, «..a; .LijUj ">L>p j_^>\i jl ^ Jiaj l*-i OjS"jLiJ,l 4jJj>«j Ji <_£ Jul 

.<L>^p cJy 2 ^ ^J j^-Jl ,i ,_f ^ f j^i ^ y^i '•<^ a y^~ i Jj~* '— ^y* b~») ^j 
Ui . »jJLjL!Lj UjU- cLaJ A>«— j jl 1— ilij J-i>- ^ 'jj-^ 1 ^^ : ^ /r* J^ 4-iJL> j^l IJL» 
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r- jujjL» aJL5 L. «_• ij jLst Jajlj jjJiJ Jit ^jip i3U* . jt-^jj Ji£j klU— e j-» ^^JLp 

4-JL-,.. Tll oJ Ip- -<t>«_ji (_$l f J LJp jjyu lij ',<-*^ '-^ .oLvLiL fLill /jP 

"Jjail" Jj>-I ^1 l^JjjJ 2ud* *}\jji L _ r J) Lfj ^iil i^jJ^-I ^xiJl ji Jo pu { jS\ 

4..,.,....'Jl 0' ?t*?^v<3 . (jCLiv^jl l_L* «J •-» rS I r- tu JjL* f v Ll.Lp i^_>" *-i a!*1* t( «Lm»1» 
ju'lijJl djOas'Aj <j)Jl2*i\ ,jJi?-*>\I\ j\ ^ _ A~»l*Jl d)l5sil— jLjJl Aj^ ^1 _ 
oJL* JaJ\ oLf>-j tju A^-Lai! 0j>P ^y^. 'j^*i ^*i' u^V ^' J^" '* J ^ i li^k; 

01 .*Jb J^-io aJl^JI jJj J U- l£\i ^jvJ **jJ\ l-L^ tflj>ill J* ^J*- O^J 
aj*jJ| JuLij-l ** JjUJI ^Ip tbj-iJl «LAp ajLc-l y& *UJl ^ jjj ?«-*LSy. jli^ *JL* 
j^pj Uli LLs jJ_. iaJ Jl-ju c^AJt ybljJiJlj cjUa^-^l i Ip i^'j^ l L*^ 01 
J*- Jb V r- jo jjL» !ju* 015" lil . OyJl «JxJl l^LjlSL» ao-Jl*^ l ySz k£ jl aLL>- 
tAiU«^l ^ L_^ 0_^$vj i_kS^ hji\ji]\ t\jjJi\ i Ip J&-& i ^JUJl ^ jJJi lff 

?Ajjj jiB -UUil AjU*" j! t^oty J-SJl Aj^ki _jf 

d) 
Ojjpij V j« ^il tcjl^«l>JI f L»! AjjP Aij iaj iS\JL»j |t-LJI j! LiL....-.» *-£]£■ 

I Lp 01 i_J>jJl1 .«_»fL»JU^I LjJ «j>?xj (_^JUl j>«Jl Jp Jj\jJL| ^a?»-a! , g ,/t./a\ 

«Lil jj j j'^-v iaJU Aj J asLaj a^I jJU Ai>-uL< tj\jj{ f ja> (j^~ 'W^J^ V.Jj^" J ^ 

•( A w tJ l oJL^^i jl i_5 -«j .< g: ; >«^v ^Jp d) jij^azi ^LJl Ajj i aJlp ■ . «..^ I _i_j> jl » 

. Jyr.».-^...U j (.\jil\ J^J A-*jii s-^g-iJ^ -Dc V t jL*"jL\ A*Iai jl ^'j^ 

(A-gjtJl (jip L^o-f oJL'LJl jV^viV' «-i* J*^ 'V r- jyjjL* (•— ^ jl,><a.>»i»»i j! 
A^ij L« ^ v>-j j-* j»iJl j ^i l» tSjfclJb . < ^ flll Jp ^L^sl 4.I^.„m L^J «S' f k_ ■■■; (__;— J 
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i iijAJ .4ij*l\ ?■ \jj\ _/L-»j a^JjJI A3y»il ^ju tjc^* iijwJJ L»L«J\ tJajl^Jl 

t__5^jt4 4j| -*>Jl 4jJ&* i--*jJl /^ -vj jjj ._A.i 4j^^>«-^ ^1 t<_£y|jj| ^Jjjllil tJlfc 

j «Sj 01 Lu» jL V .AjLJLJ-I a A-^Ltll «Lpj-j? JJ 1 ■.-"'' OLJjj jJ-j L«— s I - g "'V I - g; 

.a^» IJu ijSi\ y>^}\ ip APjj» C~~J ir joJjL»— Jjij L» i Lp 

j_* t^Slk* a^-~-j IbJLiju 2L^j>o 4*JL«IS" 4_«ip iiytC. ^s^y&Jil *U~-\ 0J 

^ d y^i ^-2 y t k../gll 4j>rJ Ip ^JaU-l | -^-*^ 'i) dJ-il - j~^ 4l»l5o! 5-LUJl 
.o_ji Vj L$J J^>- V 2J tuLSlS" jJU U-s juJI Jjc-t -SjfT J.,a:,..lL j^Jl dJLit—j 
^.jUi jL j^l la-JJl 4/lj^Vlj [Engels] jU\j [Marx] ^jl* ^ ^ 
L^»L>vj>-l • ,L»Jt C^~~^~ ^ 'y- if j>*£ . Lg-u (7^ L» V Oy'_^ lJ*J i_Ji-io^> <^jcJl 
. ».,Ml uboVI ,j-« V Jj o jii\j Sjj^I oLSlSot ^^jisu cr^- { — A ^ U^ ^.J^^^ 

♦I?- Ju^ lt^jjJ .-*.^j rL^-v^ 1 ' jj ' $y£3-\ Oy*^~^ CJ-s*"** a j_y J Jt ^ 

V toJjJJj 4*-— >■ -j» ^JU LgJl jjP c-Lj>7 l5\-io «jjy L» «^ ilr^ r J*l J »i5ol 

o^iUs *S"^- 'W^j' ij ,g>- cL»}U?l a_Ji*J! ^>_aU jj^j i cLblj IaS'j i cr^J 
frlijjiJl 4^y> ^AJl t^'Ua^^l JV-M-VI j'Li j^ 01S" Oli .IJU ^Jdl ^>Jl ( _ s 1p 
dJij ,_i .Lg-^LaV L-j V <jLp j-dU ^LJl aJuUJI J*>o 01 cr-^jjL* oVj J_i 
tlijJL>- ^xJUaJ( JbJl <jji g'\ j* LiiS y>i\ ijjdt ,_y^JJl t-JC Lla5-'>U tJU il^-^ll 
4j\_$j c_->y .ULc iS ^^J igz- o -"■i"'i Ji '**jj-*j ^_->L>ipp>U SjjL» La^pI jJI 
Jij" (Jjjil J^Sj [yJiiSj* p-b"~\ The Education of Henry Adams ^\^ 
JlI aJs>j[& 4S*>Ip ^UaJl lL_^ t Li j^ J^>-\ LaUsj i ^^j ^jl ^j i-^iJ Jj>rj 

."i_>Uail 4jL^J ^ ^ji J,| SJL' J^^i t^'^P'bVj i Jj^Jl 
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Jju <,*£ol lfxJl^L* i *^^ l-^r» jjijk /^1 t^^^iJl p IjJl l-La , .,??>- i 
Ju&Li ,*->j -i^J .^i^kJl *>\SJ AJi^l j_«j UT L-i tAjLyfi j^ ^ol sL^Jl -^ -^J^p 
,Iij^aj j «u^jij c— Sjil ^ LLs ajI Jlj .sjJL^x1I a_S~^*!>0\jI 4_ojj>-l ^Lp t^-lj^ 
AJlkjj A^j*«_*j\ aJjS 15" ~£-j tbjJL»- jJjtLJ jl ?-j3l Jla3 .JL*j ^jl« (_^L »I*Jl 

i 

«1 4iL> tM 2JI J*^ 'V AJl .O Jl ,i (TT^Ji^-* l^r 4 i/ ^jjl^ 5 ^ AJJjiJl Vo^J» IJL» 

as-sIa iaJ^jU- « aJ"}\JLp jj>J jl /^-C iaJ ( ji r ju l^JLJi ,<*_«Jl / \*^ <_£-j^JI ^-fr* 
.» *iJl iailaL^ c~~J lg-i>J tAj «5 a-^JLjJI AjLJLJ-I . Aj jlla • 

A^ojLf £.Ij ijiJl &LJP L^sIjj tl_JL>j>-l j .1 g ; * AJW-* ic^yj' /r 4 .r"- 3 ' «LJu^- 
jLoj^-'YL) + g ,,/} ..tvi*^ cj Jj -p» JLj^jIlJJ r-LpjJVL; ^.jiiSs-" jy^ Jj-j ,< gWLiJ 
.,*SJl LfxJl£wa ljj" J *?- AjL»j<J! aJLl^Vi j-^ jjW jl~>-Vl ,t k»»* <J • *-> J' j 
v_jjLwL. [Michael Nauenberg] ,r >^ J^nI-* ^jj Jj. j_pr ^ l^j 

o-L* \L» /j-pj -^*j /r* j -^~* '—■■>■ I 01 (3r*" '* J ' ls s ^i js^l r ^ r*-— i 'J**-^ 

AjLJ.2 (jij^- <*^J J- 4 ^jJ Jl ^ lt?T.J _^] L»li jJJi , ^aj e3j^- AJlj t[2ju^Vl 

Jly^JJ ^jc4 V ajI oSl Jul! .L$J ^xiJI ^ *>lval i_3j^j VLi ^v^jl j^j jl jj- 

SjjyUaJlj ^ju aJjL>J.I aJL* Jia j Y i^«j^>Jl i L*Jl L$j jJlo Jl AJLyaJl ^p 
Jly_JI ApL^a J^LpI ( J^- j.,^7.g." laS^J^ ^1 tA3 J L* AiL ^>ySS\ 1 L*] I i_JW»J 
tAjj— J f- J^x Ap^-^'^IS' AiL A^j^Sol ,JjULA-I /J- j>;JcJl jl S;?^ . L X^ J I 

JuJl ?-j J UiiL* Jj i-JojA js- li-fc Jj>tj ^ Ji^t-ol jj^i jl <^l r» J-j V 

^^u vi ^j*^ a^i^ u^ 'V' v-^>^ ^ Lt -"' ^^ j! (^*^^ J>*i o^ -^^~i 
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LS" oVLsf ^ %'L* U-^jj' t jw»lil jy^iJl J*>U- J-$_i Ji A*l\ f~iL" ji J U- 1 
*_^lJl jylll /^ J,liit L-A-^iJl J-i 2.. .Uli SjLo*>li! U\j ^^ 1 __^. j^p aj\ L™o- 

. O »A*iUI s.Ldp i ys\ .si'->-\ /VW? .r^J Vlj r— o-jJl Avi^ /^P Jlj~Jl jlS" t.jC~S- 

wj tAjjl^J-l LSvJISJ.1 j iilUJl -s- a-bJL>- 4iytC. j^LJ.1 fLo-UJJ u»«j cjJUi Jju 
L^l J •> S-»^> « 4jii>_« UU-ul tLj-ijI tLJp i^_Osj tfL>V^ oJL* i .4 S U,: u »Jt*> 
LaL«jJl ^-ijJljj^jsJl tV%-* jJLp Jy*^ t,< : k*Jl ci^JbU IJL* *_« UUJl ^ .«u-jL! j^Sol 

Aji c-Lilv»ilj . 4_oiJ C— 4 *jl j I g '^ t»-SJI IS— jLSs^a « toU~—Jrl cU J_3j cA_jil>-l *_« 

cjLj ««..^jII oJLa *-« U UJI i L^jLt ij /j5or_ oJL>- «-« <L> _LaJ j^l , ,i>- t g;- * ' c^— ~J 
■_« UU! aS^J^S t o UJI a~^_J| ^>-i ^ tA-jJLi-l oJi» JlaJ , g g t I ;" ^Jl 
^jip j J3- t jU^Jlj jlSCll ^ 4.,,,.,.,.. Jl j c JUaT^tj t 4^*>L_Jl ^ jj& t iSLiJl l!~>- 

t4_j^jl J,l jL/2jL)V!j jjlojjl •_« JjtlS» *>-!l lfxJL>^> UI . yudJl [C*^* L^^-^' 

iJjUi i .^^l^»- xiy d-jiU-l i S^i^Jf ij^Uj ip jju ^L j-iJl «LIp jUj 1 
«j V j o' j> ^y>\±» V <*->' _jJ^j t JJJ-i ^jIlp . jj£j\ L^j Ijj ^Jl 2LjLS0i J-iCiJ a jLpI 

i j i Jlj— ■ j ajI g :'l i /_^j j <u-jjj lo t>- « jl i»L— >o cU«j^o 1>JL>- c-Jli j oSol 

4-ivs j^jb fy^ jl apjIjJ-' 5^»j^5ol cJ^i y>^i Uj-aij ^ ^Jl 4-iJ>Jl -^p 

iSLij j- UaJ jl ik^Vl o Jl«. li* ip L>fcL« j 4jl jjj ^Jiij^ jLiU jlS" lil 
jiSJl oj>V i J v>- JjU-iJI jl J »ij ajI j-l-^ tl g :p i_jL>»j jl -jp tLU*lJ i^jj _4 
. J j-i^ j^P <_A»j^« j»jJ( ^^^o* fUip -UP IJL» jl j^P .-JuJl (jlkj rjl> 

IS-jLS^i ^ru i>- «Ijil cjVjUcJC. aj^UJI *Uj*iJl ^ aj_^jdl oIjj «jJl »Li^ 
A-jiUr Jlp a_^^V" 2 ^ g ; - CjIj^jUj CjU-j^iil aJl* C^>*iji -LaJ .a_jJ>U-I « *5Jl 
OjjJ-l jiSL j»LjVl «J^* ,i .IJl* j^-ljjiS'j tS-JlS'Uj (3j^ jUjI t<*_kp jUjI cAiJli 
L^-fij V AiJsi wIjj ^j ^j c[Branes] jj^j c[M-theory] ^~hj^ j* 
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4j JiJ pJJji ^p *>tjaj LgJl .4-pL£-l i ^^^aJ iyf C—~J S^Ul 4.>.,..jJl 4j JiJl Jl jjp 
aJI t(jr -L-Sn IaJ.1 Jyi^jj JLlpj i.\s\JU^\ J— io" L^'l .^L-^Jlj jl^ilj 0l»jJ\ ^ 
Jl A~i>j-« ^y Ji^j" 0^ iO'bj^iJl jlJVI jjL- jli toiU-l ol^yUl ^JLp J~*^~j 

4j *_»JL <_£JJl ^.j^SJl iJjLJl ,ju iaj^j bj_jij ^j'y 'jy^J J^-* O? *_3j iiJl 
wL*Jl -iaj'^l !«*> 0) .Log. /3 «j jP IJ^*J l'^j* <Pjw \P JaJ\ »_ijvaj 0l<k—-^>- 
.4_jjJI a jjjvs i— ~r-H L^Uj Lcl tjvSJl lXJl>^> i ^>-l i j _P «-,-i <_£l (J-- 4 'T?-*',/^ J 

1]La 01 jJu 0~^>- c^U J^Lij *j Lcj OV JjLS jip :>yi* »^* J, r ^U* 77 ^ 0V 
AijL^l» <ulp iSj*r («J I oL-LlJt JJaJ ^>- L» ^JiJ^^aj (J,liJl j^^-Jrl lajj <i «jjjv' 

ijJj^JI <_Jj^Jkl ^ip { Js>- Jj iiJjVI 4j:>yL!l CjL— J^l ^jOya^j Igj »_iyti ^1 

0i ^a jJu .^IjLfc CjliL~« j>p JLoJ^-V^ } <L***~JI ^I^j Ljj -iajrf , J' "^i Jail (jij 

. CjL »j«-j2jl sjjk ISJ Lab: j Ujw 3_j j>Li-l i 2-*- _■*• ./»'1 ^j^SJl 4j JaJjl i ^J 
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L>_i tjvjsLj-l Xij>u> ,h<>~ c_j>- ts^jUJl 251W1.I i^ojJ-l -ij-g-P J,J ^jSjJJ A^-* 
.J.5t...Hj ^Ub 1L.IS" Aiyu. Jl c^V <£J j/jlll jj 

. oA^j jl ^jSsj: vr~* jiP c^ V . 4jLfi V L4 Jl I A!xa j tj^i 1— s^ j& *i£- 1 
aJUL" ^ l£jj£ iSj^ cJc-LJ jl JLl» .i_iki£ ^juJnJI jj£il jl j^p 

jji O-L^ tijUail 4jL$j .i t4_*j^xJl o:>l_^l jl> *Jl~s1\ f ij*-\ Jl oji ^j 

CjjJi^- ju-ij jl 3_ ; >_w*«>'5ool tL)j_jjJl jjJJaS. **^ . SjJ^^a ijij^ S\ J"* a -' 1-^Sv.a 

4j| y& <!y «Jaiv-J 1« »jL« j V t jj^Jl cu>jA>- j^ju jl i^Jl lfxJlx~« jj-^. 

^^p sjw) j>*_^ i£ y* /»;""»' V »^Jl ISsJlS^» jl r_» ISw j^»- lib£ jLS" i_jcJijjl 
4JI J) w__*6 jy- lis. j jS^j j V yyi jl5" jjj JjJ ( j5^!j . ^gJbj-jiJl i L*U aL^L. 

—?y£ "^ij JjJ j>p VI J_^>r_^l Jl Ui^jS' CjL i : j^j i_jl>tPlj ^Ja^- ^\ IgJ jl5" 

.Uj_^>-j ,jl c-Jait ^1 **ilJJl o_^iJl O1L4 ^p J*L-«i JL^-ill 



2Luul^» 
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C-~>- tjo-Vl eVij j* j»U JJ cj_j^-Jy. ^i 0i ;: - i ~>' ^^vjJ 1 -* j'j 1 1954 fle- j 

jl U5" iS^lslii (js-lyi-l J^^l i/ •*~^ 2J . (^»La^ [Sjj^-UI 4-PjVI ,_i iJi] U—j_jJl 
•^f-" ^ *& WVl ^ ^Lp «LjS/I ^ >( ^>J.l £»■> ,y cSj-W c?y. j^i (* Oy^i ] 

t^JJl 9- yl\ \Jl»" -L>o V «^ «ylj ji^^il >="-' ■*■*! .*^ iSLjlSL» Jjp- "ita^la LiiUi 

^ i]jLio i j[j t^jji aJLJ 5>Lu^» jL$L»l Jakii l.^, - .». ^» Jl cJi jj j ^-^'^ J.! <>j!f3-~^ 
^ JS^io J^ [Royal Air Force] =l£111 aj_^I o>I_^I o> j! Jl LJlli JJ ir * 

(^ Uoojl ^-Jl cl941 fl* j_^J VjlSlll aJjLj .Ljlil ^i r- jyjjL* ^Ju. uLiVl ^i 
4jjljj_Jl j iJ\i}\ [MichaelFryan] jL i j£ol«V^~» j^ oiSLi tl og: : : iila-^jj 
«lj ,»^-J t 4jj_j-Jl iiUail oiJi^ J UI f-j^ri-» -^^-* 015" .[ l _ r ? r L^jjS'] Copenhagen 
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.r- jJjjL^O'Li'Ap i tiL^li 4iL~» t^iL>lp hi-s- LJb ilL* jLS" aj| jjj ^>-_jj o-'li 

\JlJsj ^k^- j \^j j\S AJ\ jj> ir jy JjL* *-a <^Tj>- oUi>«lj tC—sLisI Lo_S '^-Tjj j* -^ 

.yijill J-—J- «*jlj i-l-O aS'jL- jl ^Lpl t J-v^Vl > J» <LiL >_JL^jJ (^ JJl 5- jjl v« 4jl . . 

/So I j Lo_- 'j tUaji>tJU i ij?t> La j J jlS . r- jJjjL» «_• pLlj va jJ.Loj Jiij <*Jl j>P 

j_/ r'l-'ji- jNi f* (_si^Ml ^P^™! ■> 5-* y^ 3 t_~JaiJl aj^ Jjj jl /t-f-j tjjj *-• ^L>< — J*yi 

JjL- La .^ Vj 1^>I J^j ^ jUSfl gJjj^l ^Jj^ 1 «>4l L. li^l £^2i ^ 

jLJlp j^ jjiSol j^jJ U-i t c- ../? i -ii i«Uj£-i!l i^-j V^J^" o^AJl ^jlj^ c-ilS" .ajL4| 
^■j£- ib^l j» l-b-lj dJ-i ">L -W t^JUl tr-jJjjL» ^jS^j i .iJLLA IjLi^I jjJJI «Lj^iil 

jLo^S'l j' 4-Lj«JI Aj_5_jJI *Lj>^' S^jLf ».kr.„.o (_£ JJl Ur^Jl tAj^laJl «Lj^iJl (jja^j 
jj)l\ jl t_~^j aL^JI Ljj J^jJ jl jSoC.^I A^LfsJl IS^UsI , g aj i <tjl jJLj .A^JL^JI 
«U^i J,l i>j <AiJ&* J-^l '-i-* ^->- _/ ^-~£ SJL^V ij^i ,> .f»_jJl j_»jl j^ jb J, I r Lj>tj 

,, g" >jU-« ^--— j Ajji »>iJL>ii fC^a -jf- \ jij^ajl Ji tl-JbJ^- r jji jjLfc i jlWl jl LajLia 

. I g »: .,<•» jiS^al .<3_wi>iij j^^L—Jl . g'L^jj I J ,r?~; I_i«_p I a^»li . g jj L t L^J <Li"}L>-"yi 

JjyJLi 3^-lyv» *-«J i AjL» tl-JbJji -J-*iil IJL* j-a *^i (^1 lirisi Jij i r- jJ jjLfc jl ^P 

•W- 

^jJ^j U' J^- j_«j JjL>- jl « t.L- r ijJ~\ Juti r- jv^jL» v__^>ij s-Lj^jiJl sLJLc- •_» jjiS" »IS 
!t_^l JUj- t4_oi*Jl 2^-UJrl J,l IjJLp 4ij^]s t- j>>JjL* JL>-I tviJJi i JU- .L—i' j_^Svj jl 
.«Uj_«i> SjCij jX'i Li U-j -ii Ji^i^jl jLS" .7tj_«^ ^ LiiJ*>L r-S"L. -L^a ^j-l» ajUjJI i 
7^>yz* i/V^I ^^j -^Tr^jj!-* Lal .1962 f>Lt jjj oU U_» 1 1958 (*Lo aL>ts J,_«j ijJ 

.1976 f Lt 



>J^JJ^^ 
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j^ Vj j*-^ -b-? V tjl^( A*-Jajj .[DavidCassidy] <£^~*\5 a^Ljj jj fUl^jJ j^ 1 J^ 

cLij-iU ^f^.j*^ M*^ <J [Center for History af Physics] «.Ij j_iil £j jU £ y> i 
Jjjj^j ^JiJI J,li 1-Uj iOJVjv' <-^jU a*^ W ^j [American Institute of Physics] 
jwjl « o-Liil oApL^^JJ Uajl ij^ UI .(3 «*J L» «i .^Jt,: » I JLS" /vJ-JJl {jJuo yjj S*J^>\ 

[Smifhsonians Dibner Library of the History of Science and Technology in the 
National Museum of American History]. 

.(^Ji^jdl IJ-fcj^ l _ s ^>^ jjJl [Maryjo Lazun] Ojj^ _pr <_SjL« L-^i ^^-ii) 

(y [Abner Shimony] J,j^~i _/jI aj j i_j i dj^. J_p- 5-^-jL.j hai iJiLsi c-j^I 

.4JliVl ^ (•■^t^ L / 2JL H. [Ralph Cahn] jlS" ._iilj ^JLp' L*S" «./^a—^. k^W 



[Susan Rabiner] jolj Oljj-^ J^l aISj (y^*" Jj) y^* 5 ^ ' 



■>' lT^J-* 
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IJjfc isJx>? JLai tii^ 1 ^j^iJl [Doubleday] (JJ^s j* [Charlie Conrad] *\j£ 
.1-, gjO^'C.i. Lj^r .Oj£j j> *J jlS" L; 4jJjfc j^Sl_j ij-^j'j A* j' i_jIi&I 

c J 4JL.JJ <jJA\ <jj^A\ *y>cJLsl\ { J& t[Peggy Dillon] 0_jlo ^^V. ^^ ''jV^'J 



277 olW*- 



Olk?-%9 



\j:n„>>'} oUjLtil y 2^>Uai JS" jip 4_iU- «-Jai ji C->Lli>-*>\Jj si.*. ^ J j L»- 1 i 
oijlJl jLkpV' 5-* «-^JL-C-lj J^jljAl «Lj>o S^aliU L^liJl j-La* tflt ><Jr^«J .^d( 
tDictionary of Scientific Biography ijl» l-b-i^- ,[j^U<ill c~J] Lil^srjLJl ^y 
^_>r^( _^a t[Gillispie] ^j^J^- •^•^ "Jj^ l£^ i[«^\Si\ 4_Jjt)l jj^Jl u*'^'^] 

Lg-aJl ^Jl i_-^Jl 5J*^j ^^Ip iJiiSL» jSLio cJ^p t»>Jl Aj^liJ j_^-l=J ^ ,_/» j-a>o 

4^.Uil jli liS'j t^uJ-i^ [Dresden] j-U-ji Lj^S" ^1 jy\£ *js-".j t[Cassidy] 
f-Ui^-l ^ . U^il 4j'b^S' VL»£iJ [van der Waerden] d*j\> ji Oli lg-^ ^1 iljiail 
jJ^JL [Mehra and Rechenberg] ^jyJ~^jj \j$a AiJl (j JJl flj^V* a-Ui« «jjUI i_->LS" 

L^J jJiJ V ^1 2j^_J.I 5_aLLxJ| «jjl^Jl ^-» t [A H Q P] i5 ^_> cj I o^U- 
t[ArchivesofHistoryofQuantumPhysics] j»>jUI> jJ £«jjIj v_iL_ijl l^u-ii ^Ij 
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American] 4-£u^Vl <JL~iJA\ oi^i-1 <u c_«U 1 1960 f l* Iju JjCi^ fj^A* J^J 
[American Physical Society] i^.yVl V^J^ 1 *-*-^-lj [Philosophical Society 
^jlp c-*U»I JiJ .(www.amphilsoc.org|guided|ahqp :<_/ JwsliJl j^ Ojjil <<J) 
iP^Ijaw J-g-*il ^ ^jjiH *sjjU j^fj jjj jLJ 2^S_* ^ c^Lill oJl* oU^Iaii 
^nJLlsUl j;P ills- ji ^>- i.^] ^j ^j \ o^AjLL» . ^«- . JJ^jy» tiSjlj 4jc»L>r i fLi^i-U 
.oIpL-oJI { Jom h\ji- ^L> lijbj tJjJJl oi-^j c—ij>r\ 44jjJL4^/L; 

ri-^Jl **ij^ OU. m^H . 1 

Patrick O'Brian in Joseph Banks: A Life (Chicago: University of Chicago Press; 
1987) t 300. 

N. Barowi ed. The Autobiography of Carles Darwin (London: Collinsi 1958X 
103-4. 

c->Ui>-">Lij jjl^j cjUIS" ju lI^tj-» Ua :i-ljJ Oj>^j iJu tl827 yj y_ <j '. 10 .^ 

Philosophical Magazine 4 (1828): 161 amd6(1829): 161. 

\j^Jr\ jijy^ t[Henry Oldenburg] r- jjj jJjl lSj^-* <_l! [Leeuwenhoek] 
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C. Dobelh ed.t Antony van Leeuwenhock and His "Little Animals" (New York: 
Doven 1960)c 111. 

:yt £^-jL\ li-f! lSj-Uh jlS" : 15 .^ 
"Brown's New thing": George ElioU Middlemarcht eh. 17; Nelson 2001t 9. 

)aj\ : ^-riji- J^-^-i S-"*"^ ; 1^ •i_/' 

J. Delsaukc Monthly icroscopical Journal 18 (1877): 1; and J. Thiront Revue 
des Questions Scientifiques 7 (1880); 43. 

p. 18: "une trepidation constante et caracteristique"; L. -G. Gouy^ Comptes 
endus 109 (1889): 102. 

:M&1* VI j^-t oSj (I ljj^}\ oJL»" :38 .^ 

L. -G Gouy^ Comptes Rendus 109 (1889): 102. 

~*~~~&S " j*\)\ *-^>jl\ jyj^ jlU" ejj^-iJ( u-^V »jLp ^jJip jyjJljSo:. :39 .^ 
'. ^ Theories Analytique des Probabilities ^.ViS" j* 

J. H. Weaven ed.iThe World ofPhysics (New York: Simons&Schusten 1987)i 
vol. h 582. 

SLindleyt 212 :"ij^>\ ... oL^> JT ^ ila^l ^IS^-I" jl :40 .^ 

:"La L^.:.,*JL« jjy*i jJI «J^lSf^U j^sJ jl /^-«-^ ,>•" '.42 .,/> 
A. Eisteim Annalen der Physik 17 (1905): 549. 

.Adamst 431 :"iJ^ji\" _, SjLp J^^. yjJJI ( _ f Ji*Jl s-S^l" :44 .^ 
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ioJit- i rv?- *-& y> A^eufe <tf\-~» .3 
.Adamst381 :'Vk >^ fjP 1 ^ 1 J^ 5 " ; 51 .,_/> 

^iJ c^>v j-. L~~i. iPaist 1986«. 55 :%ji w>^- ^U-i t VI AsLtJl" :52 .^ 
.[G. Bemont]oiy:..r^jLSj^ jTji^ 1898^ 

i^ j^ JT jijZ jj, ^^L, t Quinnt 159 :"5-^.Lp aJU^. f- l>tAVl yliL"" :52 .^ 

. 1900 c^jL» t" JjjJl _/>ll" Jl 

4_fs_» ^ jj_jijij ipj-o^- j^ :"Lolo^~ j£\ i_JUs <^jJ Oli" Jl j-^-j i :55 . ^ 

• MS.Add. 7653: PA. 296 ^p^S a^\^ 

'■kS* y j -^j^j^j "^j^i L. :55 .^t> 

E. Rutherford and F. Soddy< Philosophical Magazine 4 (1902): 370 and 569. 

:2Li»-b cjCjSL« ij-Ul ^jJ j_jSo -ii 56 .^f 
A. Debieme. Annales des Physique 4 (1915); 323; 

F. A. Lindemanm Philosophical Magazine 30 (1915): 560. 

. ^>- *_* ii i_i c-> I sJjlL» :^*!>L» -U_>J t^Ss-iJl i <u~jij a^j>o j^j>- :61 .^ 

'■Jjy- 

Bohn CWm vol. 1; and Pais 1986; 194- 95. 
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:"^V- j ^>Vl o-^l" :63 .^ 

E. de Anradei Rutherford and the Nature of the Atom (New York: Doubledayi 
1964)* 11. 

yJi- (.ijjijij aJL-j i '-^jj Ji co-w-JI L» Iji^f Jl ccLJSol oJl*. jl jLi 
*-• SJjliU j_Ip Jj_jijjj jl 197 .^j£> ij Eve J_^j -lS^»"' Ji-^^ ^J •^^* ^— J *Jl 

,J JoiJ j_jj)u 4IH4 lAiLkll ^j-o5" sjSo :65 .^f> 
:"^li^ c7 .U^>j4J J UiiJLA^_J'' :66 .^ 
Bohn CW. vol. 2. 136. 
iOj^ •ic'r- j '«"-4 V (Jyj ^j^Ul L*lJbl 4Ja^">L» t' ! 4 ; ip cu«IL>l J-i! |»jij" :67 .^» 

Strutti Life of John William Struttc Third Baron Rayleigh (MadisonL University 
of Wisconsin Press< 1968)^ 357. 

:"cblS" 4j^jw9 i3L* ji j^Jij" :68 .^ 

Rutherford tp Bohn March 20c 191 3. Bohn CW< vol. 2. 583. 

" i j\*Si\ £%>JH\ ^j ijjijij oy\i ijj-* or ~J ^'Usj-^l j_^U]l" :69 .^ 
aj^I cJLST .1916^^ Ji^V c-^v^ >— ^ 'Paist 1991 1 191 

l1— il 4i>o i .C^i^ i^Lij a-L-i» ilL» J^Ju^jl LgULs- ^Jl aU_ .. tl i_LAJJl 

x-Juj" ji jLoj^-l ^l_>- tjLdl f- U-i^'L ^w o L. L-Lp iJL* jj£j ji jyo 

j^JJlj [masers] j>^ t^^iaJl ^L-"^ 1 '^V ~- a -^ ^ '^Ib^JJ «-i* 

. [lasers] 
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tl920 ijAii 27 <.jjJ J^J :"a-_J| yX' :69 .y 
Borm Bom and Einsteim Briefwechsel. 

4Jj | i. o *P 51 j^- .5 

: J I jJLe- LS^jl> jL->ij ilj^l :73.^^ 
Harald to Bohn automn 1913<. Bohn CW. vol. 1 1 567. t 

iLLL.^ jL__iL4 Oj_jj iSaj-'^t.j IJla : ^^a-^-j jlJL^-t .iyr ... tlj*<dS" '.13 .y 

Sommerfeld to Bohn Oct. 4; 1913* CW; vol. 2. 603. 

^•^si— J1961fU4l 4 LL. tlr . t Paisl991t 165 :"U^^Cr"°'" ; 74 .^ 

.iJ i_3 c^ i ipj^4 

• Heisembergc 1989i 40 \" jy. J, -iSl" :75 .^ 

i'oj-ii-l ^1 Axdb etf i ^f ofy ji Jii^l V" :77 .y 

Bohr to Sommerfeld; March 19; 1916; Bohr; CW t vol. 2; 603. 

:"<*J oli viji» W^"" :78 .^ 

Rutherford Memorial Lecture 1958; Bohn CW; vol. 10; 415. 

:"JjLiJ! CJ I ^ J,^l ^ ^ ^1 " :78 .y 

Bohr to Rutherford^ Dec. 27; 1917; Bohr; CW; vol. 3; 682. 

.Evet 304 t t*-*>jy>j. i__*l!l O j— 'jU. :78 .^ 

.Heilbrom 88 :"<a*p ^> ti^l jJUJl ^J UU* " :81 .y 

^ L~^I» cPais :"4jyill ii^jVl ^ a5^~-~> j^ al^rw O^H j_jL>j«j " :83 .y 
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:" i ^Jn\jju>j J ^}\ y^i jJi L _f^. OlxJL« .<j\ ^y.jj ^ Ij" :83 .^> 
Millikam Physical Review 8 (1916); 

. JlyJl Jtf- 383 ;388 ^^> j* OL-LjSYI 

Von Meyenn] ^jS^j j^ jji : j S^}j\S<l\ ^iSol ^ c£_j»i X^a>*J» : 87 .^ 
£ji Jj^ <ii J^. Lf! ki-~. -^j J- 4 i-^L. *k?-^Ail i [and Shucking 

.1953*^1- 31 ^i[CarlJung] 

J3 i_i cj i 21UL. :"^-jy>>iJl cLkw.llj mU> J^-ij. r^ ol i\J t\y" :88 .^ 
.djj+Tjjgj [Enz] >i o^i 4(i_jJ 'j^-i W^ l -i* 015" :"<^iJ\ j>w»" :88 .^ 

.Heisenbergt 197L 8 :"jJUL5. ^y aJI>h y ^^ ^j*"" ; 89 .^y 

y.L, 14 ^j ij^rr J! JiJj— lf> t^jo ^JL-j ^ :"Li>- Ju»J^ u ^^" :89. L y 

.EnZt 49^«~~xL. U919 

:J jLij^M iutjJut :"Aii\ ai.* *J| aa^-J L." :90 -^ 

Atomau und Spektrallinien (Braunschewif; F. Viewg and Sohni 1919). 

Heisenberg i 1971 :"jU»^f!l -lJ*j «o.Lp ^ jL»^»— ^Ju^sj J^j 015"' :91 .^ 

J Joi aJLLi.j <. 24 

.*J lJ ^ 1 2LLL. i^jojil* :"«lj^ J^LJ 3y^. W~i 015"' :91 .^ 

.Heisenbergt 197U 26 :"^^ *jll -*>«j O* j^. J$-l" :92 ,^/> 

.Heisenbergi 1989<. 105 :"oL>1jJI 3—1 ji ajIoJI ^ ^^j ^Jl5"' :93 .^ 

.Cassidyc 1992; 13 :'V»*— o*V ^l L. ,_^wt Jli lil" :93 .^ 
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o 



L»- ^ ya>*i : yS- lj~S j )s- \jjJ\ [^j A-^-c- V iij J? oj^ y?"" :94 . ^> 
JjLL>j c2 J-^-*^ c Heisenbergc 1971 : _}oi\ cjtJ^ ^ <>S~^> ^ r jvji^ 

• Heisenbergc 1971c 1 :"^>LjJl 3^V>j J>dl L^J ( _ 5 ^>o ^1 Sij^Jl" :94 .,_/» 

ij- :"cJ>ii ^U-l ^_^Vl iJu»" :95 .^ 

Cj. 14 of Doctor Faustusi in the recent transaltion by John E. Woods (New 
York: Vintage Internationah 1999). 

• Heisenbergt 1971 1 16 :"^L^lJ\ j US" c~*^> Juii cdJU-1 oJL* J>" :95 .,_/» 

.Heisenbergc 1971 1 29 r'^L.Jb k^iJl c_«-gi OiJ" :96 .,_/» 

Jol i cg-UV a-» iLUL* :"oJUwip cjI^^o cUi -b** (JJj - ^ JL5 l*Sj" :97 .^» 

.i] 

: 1922 sM 1 1 J Cr^) Jl L^, c-~ 
Enstein and Sommerfeldi Briefwechsel. 

i_i «o i illL» tr- ^vjjLa :' i Sj> v ^m3 Lfil t^jl 01 *-^J\ !*^JJl j^Jj" :98 .^ 

Ji ov^oj jj. UUj : V^^^/i JJL-j j^.j j^4 JjLI cUi -W' : 101 .^ 

U920 jer- 20 J '0>^> J! j>>. <j- ^jj i 1920 j^L. 2 J jy. 

Bohr<CW<vol.<634. 

oUi^lj "2 -^11 jlSUVl <>• iL-i- ^ I^JIS ^uJ^ JS" c_i-^" :102 .^ 

.Heisenbergc 1971c 39. 38 :aJLJ\ 

jLti ... j_j $"JULiJi5\ s_«JxJl jyl^iJl ^j 4ip jo«j 0V L 15 j>p" :104 .<_/? 
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IJub ( ^Ip ij.ll...; ji j_^J jlS" 4ji" LL^p Jj«j 4j| 4jji iJJj ?- jt~i ^J>z j-* 

c— Jy> ._* j jj^lj^ •'.-» -J "-jL^" j> L^L. iPais 19864 247 ." y^i\ 
.Serget 125 S^ULl AjUi^U LU^. ^ [L. H. Kramers and H. Holst] 

Ljj o-v ^l-j j> iCassidyt 19924 13 :%»_ji J^' 1 — * _j ^^«jh<^" :104 >l /» 

29 ^ 4ji^i-j1 J! tijy. Lf! ti-*J SjL-j :"IJj>- jj> jj>~a5\ J^j jl" :106 .,_/» 

41921 tjv^i^ 

Bornt Born and Einsteiru Briefwechsel. 

. djy f iJ o l_s I sJj.Li. :"4j o~^»I SjIjJI Jll*" : 106 -^ 

.Borni 1968 1 30 •."^j^IaIo^uu v^_^pI -U!" :106 .,_/* 

«iioJ I allL. :"*L>r j^ IjJl^. Lj^S jlS" Xil $Ui lilit" :107 >L /» 

ii o l_s i 5LLL. :"L> ^i cJtf ^L^L^II jf L.^ J-iipi c-5" .uJ" : 107 .^ 

:"Ijl*~. jj^L; j! tj ^JJ ^ji" : 108 .,_/» 
Pauli; Science 103 (1946): 213. 

.Heisenbergt 1971 4 35 : " y^-i ^ ^v W : 108 . u ^ 
lilSL>l j/t Jl J^ast .8 
:$JUl aJsl>-">U.I^ "j^j ^Lj jy£z" : 1 1 1 .^ 
New York Timesi Nov. 7 and 16< 1923. 

: Vj^b o^L*il oy oi!AJi JLiJVI I i* jl" :112 .^ 
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A.H. Comptom Physical Review 21 (1923): 483. 

.r- jvjA* *-• ii o i_> I JlLL. :" Physical Review f^i LjU.1 ^ Os-I V : 1 12 .^ 

.Enzt 36 ^Jl c«ji^-i ili>-">L. : a— i jj*^j <&l j* j^j. :113 .^ 

. Dresdenc 292 :"'>-> V! ^ ^*A5^ ^ *W : 1 14 .<_/* 

.Paist 1991c 235 " & fi\l\z ^ j%* i-s j$ m :116 .^ 

van der ^j l y<^ 3 ^ <-,j» ^ s- 1 ^-^i Cj* '■ ^"-* *j^ &\ J*}^ *-* y» : 1 17 .^ 

. Waerdwen 

.Paist 199lc epigraph : "-«j^» l _ r ~~=>«i lJ a^i> Ji« «si jl jJa^j :117.^ 

.oLiJjjj «..il cj (_> f aLLL. :"j\J\<s\i jy. ^jJJ jidl*-<_j ^j l ^" :1 17 .^y 

c 1924 ty.^sl 2 cj^. Jl J^. ^ 4JL-J :"L.u ^^a-*" : 1 18 .^j* 

Bohr< CW> 1924. vol. 5<. 418. 

'1924 t J^i 29 ljs Jl Jii^j^ iJUj :"Lil^-! ^ Ot Jjail" : 1 18 .^ 

Bom. Bom. and Einsteiru Briefwechsel. 

o i_i I aLIL. :"?,j- -ii s- 1 ^^ cJl5" liL. J r- j^ ol ^W:.." J*" : 1 18 .^^^s» 

.Paulh Briefwechsel c 1924 

^J*- U ^ .9 

.rjoyX^ *J cj i_> I alui. :'V^lsJi r- jJjjL» jU»^i ^ : 123 .^ 

4C_?*Jl :"-^Jll^Jl^ r *" ( i -b-br J— J JI<tJ^pJLili>o[Oj^.] jw JLiJ" :124.^y 
• der Waerdwen ,i j^-^» ' Quantum Mechanics y> *J\ys-j 
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Paisc :" 'jy J& J*?\ Xai t «J j—S' i-wa^i jSC, ^ ^JLSl Oj^ijij U" : 125 .^a 
ijJji 18 <J jy Jl -ij^jij ^ v±_*j «JL-j ^ L™L> c 1991 c 261 

.1924 

^j Ig^JjjZ .j J J,j> '." ^Sji-\ 'o y U»y5~i J^>r j^fl C-^^wsULj-iJl jl" :125 .^ 

i^JJl jL^Sfl jtf«iJ( (-1* Jl JjUil . Paulu Briefwechsel ^ c 1925 c jj> 21 

^ ^^liJi ^j oLjw^Lj . fr \jj_i5i ^ ajijL4i (tJ>f ji^- ^-» j ^ t^r S y- ^ i 

jl t o( ij^p) <u_*j Zweideutikeit Jj^! J' V^rj J.ji o L L*»- c~^j 
v^LS" tLxjlj \~jtyS bJLP r- jCi\ 4JI jytl^Jl .4—iJ jjjCxJVi ji (io-Jjl 5JUj 
A^o j! j£o: liJji^V 1 ^"^AiSU wU- j^j jl j-. V-Aj jjjC^J^I ^ 
yu <^JJl tiU^Vl ,y j>$-^l 4JJ--. J,! J,jj -A~il tiJLSi _bu. .ijvLo-» i^Jb-l 

1 3-» jxk5*il_lpl Ajuj\-y> isylljt '^yi ^-^ Oj-LN ^ i y*- y jjjOjI JS" jl 

t l_LL iilb Jjij .4— jij «-J^^il *>\Jt_io j I ^jytjS^^ ,_5l J* L>tiv»j ii~^«j 
S. Goudsmit and G. Uhlenbeck] db> j^AjI -rj c ■... t ojb>- .^ ^li 
^1 cjjj^Jl jjj- 5 ^' J-^ 'J. j* 'V JyH iS^ Zweideutikeit Jjj^; [ 

(_$jj| *Sjl i_ju<aj jl !Jul^l 4^-Jiil j?*Jt IJJ& ( J-P . IgJ ^/i^tj Jl jjjOJl 

. ( _ s - .._> J i) o >_> i iLLL. : V pyS*> -A; ,> *^i JS" OV* 7v^>l" : 125 .^ 

,o-jj-* 

.r- jJjjU ■_• i) c> <J I aLLL» :"l_!li« Ijl_- LJb jlS"' : 126 .^y 

.4_-iJ «^ jll c"ljiiS* c-^ipj . . . L«Lc o-tJUff JiJ" : 126 .^ 

cl924 <-y}jJ 11 'jjJ Jjj :"a«-« ^-rij- y^ { J^- jyi\ jy-^ L» Uib" :126 .^ 

• Paulii Briefwechsel 
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.Heisenbergt 1958i 39 :"l$~ii i_£jA\ c-s-j3l"" :127 .y 

Paulit 1 1925 t_^J_jj 9 'J,_^-' r jvjjL* : ^■-w'j \+jy^> : 13 1 .^ 

.Briefwechsel 

1 1925 ijjy. 15 toyi^V Ojjh i"^^ ■^ lV : 131 .^ 

Borir Borru and Einsteim Briefwechsel. 

t l925 i^-k-J^l 4j _^J c -jyjj>:"*5 J j»-l jy/J*J" : 131 .y 

Bohn CWc vol. 5c 366. 

:" ( _ r *J l _ 5 lp jj^^JJ o^li iJjbi lib»" : 131 .y 

Heisenbergt Zeitschrift fur Physik 33 (1925); translasted in van der Waerden. 

<.f.j£\ t«J_j^ .j J J,_jj : joie de vivre [o^j-^>- ~^>Ju] ^~>^> '■ 131 .y 

.Paulii Briefwechsel 1 1925 

20 cc— ^y^i cj~^ '■"'<> j~> '<S yS sja-j r-^jjU «_i?_j jjj" :132 .^/S 

.Dresderu 51 y c~~jil 1 1925 i^n-o^-" 

(COiJi j — Jl ^jj .10 

J,l jc^J\ y aJL-j 1 _ r -ii cMoorei 187 ." f-i-O^i IJj i_jL-JaJl j! : 1 35 .y 
Er hat eine Ecke des grossen' ^^ Jji> c[p. Langevn] o>*4^ -^ 
LS'j *ij Ji [ l _ s U-j J ri i^- 1 ] ^J 1 " ^^p- <J*J ^ t'Schleiers geluftet 

cij^l i_J">UJl s-'W^ 3 ^J i^^ -^ Schleier j) j^ ."j^-SJl ^L>>J-I y 
.ijJ-\ ^j-*^ j L j' <[ -" l J-* j '"• lJ -rf" **1£j fH^^i -*J* luften U-«Jl 01 loJf 
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c-^h j- 4 L~^i» tMooret 187 : — -y. ^^ ^ JUJ. SjJjjcjUJ» :138.,_^> 

.1926 fL^j^ ^-jyjjl^J 

aJi^"^ o-i*> i Mooret 191 :"<*jL>- ^y >-'^ ci'^f* ^^***" :138 .^y 

L«JjL o j*£l iJJjLj k^aa ^Jl « t iJLjb>- aj^Lji; «j^j ^Lli><j *^Li> jl ; 139 . r^ 
.Przibram 1 1926 tjjyj 26 _j 16 tyi^j^ Ov^J :"L— b- < 

:"SjLi*ilj 3JLJLI [ajIj^I] i^ySiiJl, £}y> jjji jjpi" :140 .^> 

.Born t 1978t 218 

.o> iJ 1_3 i j_y Jj^j *-4 iLUL. :"ip)jJl ^ ajLp jli' r-^jjU" : 140 .^ 

t^j^Sl 9 t^tJj^Sj J,jj :"r-^jjL* L5sJl>_a iLaJl ji 2lJlJ\ 4o^ll" : 141 .,*=> 

.Paulic Briefwechsel 1 1925 

.wi^^l 1 1925 ty.ySl 
1 1925 tj~i^ 3 tJ^J jr^^.U :",JJ Jj^i? O V i>-U- J cu~J" :142 .^=> 

:"ojju* jSl ,1 jl o^ oil" : 142 .^ 

Schrodingen Annalen der Physi; 79 (1926): 735. 

^ L~il» tCassidyt 1992«. 213 :"^j/ _^ ^ o^yfj o-Ai** -br" : 143 .^ 

. 1926 (»Ip ji^ ai-i^-J c_>o 

.Heisenbergt 1971 1 72 :"^i\ iSLilSL. a^il Jip ^yL-i -_ji L^." : 143 .^ 

.Pauli t Briefwechsel 1926 ijjy. 26 c J_^J JlLs^^ :"f l*Jl ^LW : 143 <( _^» 

4,^-1 jP^UsHJlJs.t.1 l' 

.Heisenbergt 1989«. 110 :"Lilil ^ ~J^Jl .Lj-iJl Jl*;." : 147 .^> 
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Paist 4212 iBornt 1978 :"jU«Jl ^ J^ . . . i^jy Ji- J-V. 015"" : 148 .<_/» 

.19914 297 

J ^^L. :"oi^J c-, J! U«i.> ^ ^lyJ» ^ oLftl ^." :148 -^ 

.^^.U-l JvaiJl <Heisenbergc 1971 ^ <uJa*-« 

.63 n~i; ^.^11 :" wi Jn/-u^I ^y c-u>«i,l ^JUJ" : 148 ^ 

21 t 4i^_J Oi^^j :"j~^ **W^ ^ J>-a^i3 iLAt^l oVjUJj" :150 .,_/> 

:^ 1 1926 t cr -k.-i4 

Einstein and Sommerfeldt Briefwechsel. 

:"oiy"^ y^J' Oi^j^ 1 " Oy ^^ J* <!' li!Ai»t ouJ^i _/uio ji" :150 .,_/=> 

.Frankt 113 

' y? y- 8 ' J j^ r jv ji'-* : " j j^ »Lpx. ^51 L$J-l>- j c l^J o ^xii Lis"' : 1 50 . <_/> 

.Paulic Briefwechsel il926 

X»yual\ jv»Llp ^yjw jl JjL 01 cjIjJL r-jyjjL* /"— j ^ 01S" -UJ" :152 .y 

.Oj^J 4 ^ t-i i aLli. :"4JUa^J oljL*\ Jl o^^Ji Loj*; juJ" : 152 .y 

:"Ljju^j i_^J-l ;UL~. jls L*" : 153 .y 

Bornc Zeitschrift fur Physik 37 (1927): 853. 

:1926 <.jy<~» Ji4 tjjJov^' ^'^-«(^J 1 iSolSL." :153 .<_^> 

Bornc Bomi and Einsteim Briefwechsel. 

" oyiij 5jL*I j^-^y ^ "The Real McCoy" "J^S/I ^o^Jl" 
3 - a ^' Jl »jW^' «-i* ji-^" -i* ■ LJli 1 J^^-* ,_^v ^ J-jcl-J JJaJ ^( "der wahre jakob 
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^lijTi Jki\ :"5*>Uil i£*&\j ^UJL 8jr <jJ JJH S.uJl cJtf"' :153 .^ 
>(J oLJl J^aiJl tHeisenberg 1971 ^ J b» jjj ^j £j« jA* 

t jvJ^ 28 1 ^Lij^-J u^4 : "?*~~-Sn J>- J| JoLi>- ^v' ^ J*" : 1 54 -^ 

\j 1 1926 

Einstein and Sommerfeldi Briefwechsel. 

Ij*a c J b-UT.12 

iMoorei 228 :"i : a.* Jj Jj'L~* ^ a^j^ ^j *kl*>Al f ^ L« jUy^" : 159 . L ^> 
.1926 t,j>.j£\2\ ij <-u* J! A^ir' hi ^-^ '^ J t>* W^ 

.Paist 1991 1 295 :"obiY ^Li> iL'Us o^" :159 .^ 

I 3jj.lL. :%~;yiJlj j)ir ^ij ^ jj\ jt cJjj-tlC.^^J <u! OJbrj liVj" : 160 .,j-a> 

:"oVal*ll ilJiPl iyt ^ v-^i Jjjt Jj> i } J ^J~\ o\ j&*\ jutf" :160 .^ 

.Paisc 1991 1 295 

U*^ >;l :"j^Jl J^ U> oUL, Uii: o( OiW^ 1 o^ ^" '■ 160 -^ 

:" Glatteis Jl J^j^ 0? '^** J_jb>- ^ ji fUaJl l?a) Luj ULs-i" :161 . L /» 

•-1926 c^yTt 19 c^-^jiLjJ ^ : "p's _J» j»p <l l*ll Jl ^fcj oldJJ" :162 .^ 

Paulii Briefwechsel. 

.^jyjjLf! cj iJ *_i ! sJjLL. :"ajoi-. c—J UUi"' : 166 .,_/» 

4j A* 16 cJ,J c >^> :'Ww* c-^Jl gJLJi JT oi ^ s^jj Y' :166 .^ 

.'1927 
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Pauli. Briefwechsel. 

ijy>S\ J" i\<L,\£j.\j l?J*1\ iSjiA (J*J ^y^^l\ L Sj2>A\ j" : 166. ^ 

II M II , t , 

: ,^*Jb ji ... <_plu 

Gassidy 1992. 226; Pais 199 U 304; Beller. 69 and 109. 

£+y-\ jy. -^.y^ f- 5 **"" • 1 3 
iJlj^Vi J LJU OjhL^ "j "^y^y\\ 'J-* J S>>-^ ioJ&t" ;173 >l/9 

Nature 121 (1928)* supp.: 579 (editorial comment) and 580 (Bohr). Reprinted 
inBohr4CWtvol.i6.52. 

j!LJ jyj^j"^ U^j Lw^ii» iPaist 1982 :"tj^ai\ .j oJu-L>- 4±JaJ L>«_j:" :175 .^p 

.1909 f Lp 

: "a j^_Jt ( _ ? 1p JjL> J^jjj^JI yL« t ^.o v ii4jL^L.c--~iJ jr *l Jjj fl»" :175 .^ 

.Marageand Wallenborn. 154 

^ L~iL. tPais 1991 1 318 :"L^.L^I ^ (J' JjKJ £> >> j>" :175.^ 

.[Otto Stern] Oj-^ yji c^L^i i^ 

^y t4— uLi ;«r^ : i-iS" jt-fij i 4jl 4^aL>- SjiLsi i jjj i_J»j^pl Jij " :177 .^9 

i>* i - : -~^' 'jjj <-^L>v^ : jy.j Ca~^) Oy f 'j-^ -^»-_P' i*-^ 1 jj-^Jt" :177 .^a 
.Bohn 1961 ^ Lf^-U» oJLp! -Aij c[Schilpp] c_JLi V^ J^' 

c— ii^Al :"^jll jj; ijjU; ^*a ... t£ja^Jl oJ ^ LS" :179 .^ 
Uhlenbeck. and Dieke. Nov. 3l 1927. Bohr. CW. vol. 6. 38 (English). 415 
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(German). 

• Hilton and Elkanat 84 J ^y.i t"^^^ Jl c^u^f : 179 .^> 

il928tjj>31 <j4ijj^ u)—^ '-"^^ jy-rjvjiL* ■■■ ii — Li " :179 .^ 

.Przibram 

i\j\A\iz~~S j VI .14 

• Gamowt 54-i55 : jj*v» ^Jj • • • <_a»>> tl928 i_i~<9 AjL^J Jjj" : 183 -y 

•:'c&i4 p JUJI clilJl ^" :183 .^ 

Bohr in Schillpc 224. 

.4^jj^ oiiJ aLLL. :sJUi oUi^Ilj "Uli Jif ^ <u^_" : 187 .^ 

.^jojjU ^oilJi ilAJL. :"Ui f lJbu- LS"' : 188 .^ 

.Bornt l968t 37 :"^>wsJl ^ ^--l *J oi>j" : 189 .y 

.Heilbonu 154 ■"cj^Sjf- ^Jj! J^L J^^l" :191 .^ 

ii~*j SjL-j /^ l zk* iFolsingt 668 :"Jaii AjU-L 60 bL^ j^S dXJ~%" :191 . -«> 

. 1933 tcr J2~~pl 8 ^ i[F. HaberJ^U .,_* Jl j^i^oj L$j 

.jJjj_j 7 JoiJ^il4LLL.: ,, J_jVl>* ( ^>. f bf ( yUlit JJSjbj" :191 .^> 

s^-J-s- ojv>- V «L>- «j^ -15 

^O*^".^ ^-r*' /j" : 195 .y 
K. Comptom Nature 139 (1937): 238. 

cjUju-^Ij IJl» r'Vbj-iJl ^ *_-Jl ^ ^"&J-l -£y- jl . . . £~L. j,l" : 195 .^ 

• Forman j-« 'aJLJI 

.Gayt 79 :" <S y* J*i V . . . ^S^iJl IJl* Ji. jl" : 198 .y 
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; "oUib^l a^j 01^ " " 6y>r" : 199 .,y> 

Spenglen vol. h 25. 

.117 eu~iJ A^-jil :"^~o!p IjJ- V »L^- 5j>>- '_ li-i' .. . jJiSl BjXi" : 199 .^y> 

: 1920 ijili 27 i j_^ j^J : " Jy* U ^ c>l jitji s L-ll ^" :200 .^ 

Borni Bornt and Einsteim Briefwechsel. ( 

:"lijyVliL-^ Jb" :201 .^ 

Mehra and Rechanbergt vol. h xxiv. 

^->iyi Jj jUl cjUISU . 16 

:4JjvsL* ^y. iJL: — • Cr^^ cjUa^-M» :L* -jijt. JjL^u ajL» lo>jbj :207 .,_^> 

On the Method of Theoretical Physics (New York: Oxford University" 
Press 1933). 

cj^^i^I t( £*^ c-jI*^! ^jb- jOii* ) "competent to comprehend reality" y— -Uli 
"*ijA^y\ i*»~Jl j>. "ajI^I |*-$i (^ j^l*" "capable of comprehending reality » jLp 

. Folsing 674 ,y 

jSJ 1 lij t^Va ,,„..; L^jL Aj^aJ ^u^j v*j L. »^ji 01 *Jaz-»i V ^jjj" :207 .,_/*> 

• RozentaU 117 ^ jLiijjj :"i>^>w> 

:"^ur OjSC J\ ^\ijJi\ Aiiyj ^iSL.-p&i >jL^yj j£s. J*" :208 .^ 

A, Einsteini B. Podolskyt and N. Rosem Physical Review 47 (1935); reprinted 
in Toulmin. 

.RozentaU 232 J> ■^•^jjj :"iif-UaJl^ f_j^l LJ* Jji" :210 .^ 
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.Schilppt 232 <j j y. :"ayslk!l <c^>- Sj*j <L^>J>\ jLj" :210 .^ 
:1935 c^jj 15 tjvyjiW Jjj :"^Vlj jjJ-I J^. j-i* .. "£j&" :210 .,_/» 
Paulu Briefwechsel. 

:"<>*■« W-l ^ J^ ^ o«V t 1 ^ 1 -" :210 -^ 
E. U. Condon quoted in The New York Timesc May 4<. 1935. , 

.jjj woi! ji iLLi* :"jy>-LL4 j^p _pj ^ip ... jjj ' :210 .,_/» 

Rozentalt ,j -iLiJ jjj :"?4^jL; J* ?U* ^ ojji» 01 ^jSor^iJl L." :211 .,_/s 

.129 

ls^ jj^ ^j o* <-^r*-' olli^M«j :"V1 . . . i_i-i^j V yslkli L ya»Ul" :21 1 .,_/> 

Physical Review 48 (1935): 696. 

.Schilppt 234 ^ jjj .-"ol^iiJl ^iUJ iyt jy>-" :212 .,_/> 
:ju i ( J^ jjj ^j^ :"^L*-^(^J\ W-Jl «j^ij^^ 5 ^ ^"" :212 .,_/» 
Physical Review 48 (1935): 696. 

.Schilppt 674 J Cr^4 :"aJl-15^J\ ^ jy \j+>" :212 .,_/> 

j^ijji j^ aJL-j j^ L~-iL» tMooret 314 : ^^f- <Jl~*- j ^Jj-* ; 214 .,_/» 

.1936^>23^CfrJ^iMl 
l$Jp jjf*J Jl 4-iL£j1 ^ tLj>*Jl cbj-iJl i*^ ji jv*j' jl UajU ^." :214 .(_/» 

.Peterson ." 2*~W 

Cassidy :",glpL.li w i -^i ci~-*Lo[l bUailb" <u»i; Jii ^ <J»»y :215 .,_/» 
.1931 t jJji 27 ^ jjj Ji £jyjj> ^ aJL-j ^ L~i* a992t 290 
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.Heisenbergt 1958t 44 :"<J^ 

'. *iyULA4j_j£ y- jL Lx»tj Sja^^j iaj^Lj . . .\i.::,J L> j_^>- tbj-jLH i Lp" :216 .^s> 
t.1964 (*Lp "51^ ^ c^JJl_; tLfr! ^x-^! ,Ji '^jy j& rj^i <J^ c~^Jl 

• BeLl^ JliJlo^Jl jjb 

s L,>iJlj jkdl oy. '-^ V ^J .17 
£• o i] o> i *Lli. :' T 4iLJl oliLi^YI j* ^JbLl ^» u,> jiyi" :221 .^ 

.RozentaU 95 ^ rjjy\* rLJbj^a 4i* j^Sl L»_j— Li <«L*pl ^ jlS" j_^ :221 -y 

iJUl oljr%iL>J>lj 8J^> :"aLJ-lj cjjaJl" ^ j^j J^jji 1 1932 ple- v >" :221 . ^j 

-Bohr 1961 LgiS" 

Light and" »^Vji j^> :" t5 xJlxJ.I JJo*ill ^ s-^y^' t-UaUl f j4ii" :222 .^ 

."Life 

.-xL^jjj ^.oii Ji <Ll£. :"^jl^ ^i^ j! cu^U L. ^Jl" :223 .y 

.Poppen 215 : «-Ijj-iJlj jJidl oy '-^l V ^j* ' :226 -^ 

:"Ij_jL« U»j" :226 .,_/» 

"Causality in Cintemporary Physics": 

.Toulmin J> o^ij J_pl 1931 f\s~ dAi-i aj^J c_>o 

:"^\ l^JlSLi Jjju Jjjb" :227 .y 

Bohmc Physical Review 85 (1952): 166 and 180. 

Bohm and B.j. Hileyi The Undivided Universe (New York: Roitledget 1993). 
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t •^l^jjjff Jjj^j jy X^ f y 5jw= -X£ Lf"' J,' LiLr^i ^<jj [Beller] J-z> 01 jJ-j 

S. Goldsteiru in The Flight from Science and Reasom ed.i ed. P. Grosst N. 
LevitU and M. Lewis (New York: New York Academy of Sciences^ 1996)< 

i 
Where Does the Weirdness Go? (New York: Basic Books)c 111-21 - 

• iSj*-^ .c* 1 iiu( j '^J^ f y. ^7^ -^ ^ ^^- UV ic^ t->L->on ,_/"j sj° /^ 

<j L jy- S\ ^^j i/ 0:™^ :" ljj r Ua~^-j J, j-u> ^jL-S'l Ha jl" :228 .,_/> 

c 1952 c r > 12 

Borm Born<. and Einsteiru Briefwechsel 

^jlkii V^ ,j ^ji .18 

O/j-i o>Ju t2jiyiJl *jli_^l U ,-Li ^ 2ii _^Sl f"^^ lP^-J *— ^ ^^ '-23 1 .^y 

Tony Blankleyi Washington Timest April 3i 2003. 

:"Jl$Lil <.k^a" :232 .^ 
Gore Vidal's essayi New York Review of Booksi July 17«. 1976i 

.yy^\ 28 j-Ip J JJL,^ >!j 

."Access" d8 *iLU t^UU J^ai3\ :The West Wing :235 .^» 

.Adamst 457 -58 :"Ji j-» -^> LaUsj ^ ^o ^jt ^ <u~i; J^ j" :235 .^> 

i]I^VL>vS"^>v>*) 'Belit 28n8>;i :"^Ull ^l^/i" :235 .^ 
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£. o *J .J i 2lLLL. :'\LjJi\ ^ ±J- gjAJl ^yJl 1JL*" JL^j V" :241 .^ 
.jy, C-j^jI» *_. o i3 <— » I 2LLL» :"LLjaJ'^j> r j l$;, : jLS"' :241 .^a 
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Y \ i cSjbll i^J-l 
\ rv jlp ^j^Jl ^y^ 1 

YsY JjlS" c^^. 

A^ c-iiljU tj^ 

iV- 411 cY . ^ Y c^ Y >LJ tj^ 
i\Vo .Y • Y t \ \r t\ • A cAV 
YVAtYA- 

\ . r t v i o jj^J^i ib^S'i a->J>i 



309 



^ 



> v > t > iv-\ -; o t n i > 
i\v.4\n^^"\o t >"\. ^b~yi iSolSL. 
> v s. 4 \ vr <.\ v\ 

i\ ■ ■ t<\Y t =\ N tAY ciV cY • ti_-Jl 

tY \ T tY • f t \ IA i\ »Y t^or 
YY^ cY\1 
\ Y \ »5o! ^JwiJ L ^~- J 
lUil ^ Y V fl* ^jL- yy ol^tL* 
tM^AV^.It^iY \ jjtjJjAa 
YAV cYYA tY \r 

Yli tSLij 

Y i o t-Lip tfjJ 

VA— VY n/ji* '*jj^J>! 

i i tOUr tOljn 

> \ • t^Lfcljjl ij-j 

(^) 

Y A 4 Y o 4 jUu. jjl ,JuJ.I 
.Y. lUilVil- iMi.^:.^r 'u— r 

AA 



(i) 



<c> 



vr i^Vi t jjjy 



Y 'Yj-j^ t_^Ur 
^ . . ^UjcL! lSjjAJI J_j-bU 

m <.y^o <y ^ y tvt i^U-i 

Y YY tyUJ.1 



Y "l o 4oli_j 

i \ \ r < \ \ \ <. \ • v 4 vv i^i' idjy. 

i\ AY t \ Vo i\ \\ <.\r\ <.\ Y» 

Y i o cY \ A i\ Y1 t Y • o t \ AV 

c\ ^ t\ <\A i\ AA iU1 t\ Y\ tJ) J.^. 

tYAV tYT^ tYYV tY \r t Y • Y 
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